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(57) Abstract 

The present invention provides peptides having T cell stimulating activity termed recombitope peptides. Recombitope pep- 
tides of the invention preferably comprise at least two T cell epitopes derived from the same or from different protein antigens, 
and preferably comprise at least two regions, each region preferably having human T cell stimulating activity and each region 
comprising at least one T cell epitope derived from a protein antigen. Recombitope peptides of the invention can be derived from 
protein allergens, autoantigens, or other protein antigens. The invention also provides methods of diagnosing sensitivity to a pro- 
tein allergen or other protein antigen in an individual, methods to treat such sensitivity and therapeutic compositions comprising 
one or more recombitope peptides. The invention further provides methods for designing recombitope peptides of the invention 
where the protein antigen to which the individual is sensitive has unknown or iil-defmed T cell epitopes. 
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RECOMBITOPE PEPTIDES 

Rp.latftd Applications 

This application is a continuation-in-part of U.S.S.N. 662.276 entitled "A 
Human T Cell Reactive Cat Protein Isolated from House Dust and Uses Therefor," 
filed February 28, 1991, which is a continuation-in-part of U.S.S.N. 431.565 entitled 
"A Human T Cell Reactive Cat Protein Isolated from House Dust and Uses 
Therefor," filed November 3, 1989, the teachings of which are incorporated herein by 
reference. 

T^apkyround nf thft Invention 

T lymphocytes can mediate and regulate both the specific and non-specific 
e^ctor mechanisms of immune responses. CD4+ T lymphocytes provide help for 
antibody production and secrete cytokines which modulate the growth of other T 
cells and the growth and differentiation of other hnmune cells such as monocytes and 
^anulocytes. Functional and biochemical studies have demonstrated that the 
generation of cellular immune responses depends upon antigen receptors on T cells 
that recognize peptide fragments of foreign proteins associated with products of the 
major histocompatibility complex (MHC) that are expressed on antigen-presenting 
accessory cells. Recent advances in technology have made it possible to culture 
efficiently antigen-specific human and mouse T cell lines and clones iEidlffi. In 
addition, it is now possible to produce large amounts of protein antigens or their 
fiagments using recombinant DNA technology or solid phase peptide synthesis. 
Thus, in the last few years, several research groups have begun to determine the 
linear amino acid sequences of antigenic proteins that are recognized by T cells in 
association with MHC (T cell epitopes). 

Peptides derived from a variety of protein antigens, including bacterial and 
viral pathogens, autoantigens, allergens and other experimental antigens such aS hen 
egg lysozyme (BEL), ovalbumin (OVA) and lambda repressor (cl) have been 
examined for the ability to stimulate antigen-specific T cells. A wide size spectrum 
of peptides has been reported to serve as T cell epitopes. For example, OVA amino 
acid residues 324-339 (Shimonkevitz, R. et al., J. Immunol. . 133:2167 (1984)), HEL 
amino acid residues 74-96 (Shastri, N. et al., J. Exp. Med. 164:882-896 (1986); and 
lambda repressor (cl) amino acid residues 12-26 (Lai, M.-Z et al., Linnffiaol., 
139:3973-3980 (1987)) have been demonstrated to trigger efficiently whole protein- 
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primed T cells. A peptide derived from Hepatitis B surface antigen (HBs Ag amino 
add residues 19-33) has recently been shown to stimulate T cell refuses in a 
majority of human subjects who had been immunized with a recombinant hepatitis B 
vaccine (Schad, V.C. et al.. S.min.r. i. TmrnuppU 3:217-224 (1991)). A major 
mycobacterial antigen 65-kD protein has also been epitope-mapped (Lamb JF-E^et 
al.. KMBO J- 6(5):1245-1249 (1987)). T ceU epitopes have been identified m the 
peptides comprised of amino add residues 112-132 and 437-459 of the 65.kD 
protein. Myelin basic protein (MBP). an autoantigenwWch induces experimental 

autoimmune encephalomyeUtis (EAE) andthe presumed autoantigenin mulap^ 
sclerosis (MS) has also been epitope-mapped in both human (Ota. K. ^^^^ 
346-183-187 (1990))androdent(Zam>^etaL,Mte324:258-260(1986))systems. 

Ota et al. have identified a major T cell epitope recognized by MS Patients MBP 
amino acidresidues 84-102. Minor epitopes (MBP amino acid residues 143-168,61- 
82 124-42 and 31-50) recognized by T cells firom MS patients were also descnbed. 
Zam>dletal,haveshownthatMBPamino acidresidues 1-11 contain the major T 
cell epitope(s) causing EAE, in susceptible rodent strains. 

T cell epitopes present in alleigenic protdns have very recently been 
described (Cynehir. R. etaL. Ahti Prv TmmynoU 9:67-95 (1991)). Several peptides 
derivedfiomlhehousedustmiteallergeaDsEll I have been shown to be TceU- 
reactiveCniomas.W.R..^ In Fpftr>r«'5 of Atppir AH ^ rrPS Pronef4?ngs of 

MmanQte,Beriin(Sept. 1989) pp. 77-82; OHehir. R.E. imim^issasw 
2inTaim£te9:67-95 (1991); Stewart, GA. ^ In: Fpimprs of ATOpIP AUgrggps 
p ^,...^^^ , ^..Vc1..n fmm XTV Con^e.,, pf the Fiirr)p . pn A r pdrmv pf AllgrgY 
,„.m,w,iwnnnln^. Berlin (Sept 1989) pp 41-47; and Yessel, H. £t^ In: I 

2itoaefi. Conference 22-26 (Sept 1990) Trinity CoUege, Oxford U.K.). A T ceU- 
stimulatory peptide derived from the shortragweed allergen AmLal amino acid 
residues 54-65 has also been reported (Rothbard, J.B. sLd-, Csll, 52: 515-523 (1988). 
Using 2. panel of T ceE clones derived from a rye grass-aflergic individual, Perez et 
aL demonstrated that T cell epitopes are contained within amino acid residues 191- 
210 of the protein allergen LoLpJ (Perez, M.fiLaL, T BioLChem., 265(27):16210- 
16215 (1990)). 
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fjiimmarv of the Invention 

The present invention provides isolated peptides having T cell stimulating 
activity, tenned recombitope*^ peptides. Recombitope peptides of the invention 
preferably have human T cell stimulating activity. In addition, recombitope peptides 
of the invention preferably comprise at least two T cell epitopes derived from the 
same or from different protein antigens, and more preferably comprise at least two 
regions, each region comprising at least one T cell epitope derived from a protein 
antigen and each region preferably having human T cell stimulating activity. In 
some instances, recombitope peptides comprise three such regions derived from the 
same or from different protein antigens. As used herein, a region of a recombitope 
peptide comprises at least 5 and preferably at least 7 amino acid residues. Typically, 
recombitope peptides comprise regions which are arranged in a configuration 
different from a naturally-occurring configuration of the regions in a protein antigen 
in order to eliminate undesired properties associated with the secondary or tertiary 
structure of the protein antigen whQe maintaining the primary structure dependent 
human T cell stimulating activity. For example, the regions can be derived from the 
same protein antigen and arranged in a noncontiguous configuration or in a 
noncontiguous configuration and a nonsequential order. 

Recombitope peptides of the invention can be derived from protein allergens. 
These recombitope peptides preferably have minimal immunoglobulin E stimulating 
activity and bind immunoglobulin E to a substantially lesser extent than protein 
allergens from which the recombitope peptides are derived bind immunoglobulin E. 
More preferably, recombitope peptides derived from protein allergens do not bind 
immunoglobulin E specific for the protein allergens in a substantial percentage (at 
least about 75%) of the individuals sensitive to the protein allergens, or if such 
binding occurs, such binding does not result in mediator release, e,g. histamine, from 
mast cells or basophils. In addition, recombitope peptides can be derived from 
autoantigens, such as insulin, myelin basic protein and acetylcholine receptors. These 
recombitope peptides preferably do not bind immunoglobulin specific for the 
autoantigen in a substantial percentage (at least about 75%) of a population of 
individuals sensitive to the autoantigen. Further, recombitope peptides derived from 
protein allergens or other protein antigens can be designed such that an undesirable 
property of the native protein (e.g., enzymatic activity) can be eliminated for 
therapeutic purposes. 

The invention also provides methods of diagnosing sensitivity to a protein 
allergen or other protein antigen in an individual, methods to treat such sensitivity 
and therapeutic compositions comprising one or more recombitope peptides. For 
example, methods of detecting specific Delayed Type Hypersensitivity and/or 
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specific Immediate Type Hypersensitivity in an individual to at least one protein 
aUergen or other protein antigen are disclosed. According to one method, aspecific 
Delayed Type Hypersensitivity test utiliang a recombitope peptide of flic invention 
can be administered to an individual, and the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual can be determined. In another 
method, the presence of immunoglobuHn E specific for at least one protein allergen 
can be determined in an individual and the abUity of T ceUs of &e individual to 
respond to T cell epitope(s) of the protein allergen assessed, fii this embodiment, a 
specific Immediate Type Hypersensitivity test utilizing a protein allergen or a portion 
thereof, or a modified form of a protein allergen or a portion Aereof. each of which 
binds immunoglobulin E specific for the protein allergen is administered to 
individuals. AdditionaHy , a specific Delayed Type Hypersensitivity test utilizmg a 
modified form of the protein allergen or a portion thereof, or a protein allergen 
produced recombinantly. or a recombitope peptide derived ftom a protein allergen, 
each of which has human T cell stimulating activity and each of which does notbmd 
immunoglobulin E (IgE) spedfic for the protein allergen or if bmding occurs, such 
binding does not result in release of mediators from mast cells or basophils m a 
substantial percentage of the population of individuals sensitive to the allergen (e.g. 
at least about75%) is administered to the same individuals prior to. simultaneously 
with, or subsequent to administration of the Immediate IVpe Hypersensitivity test 
Those individuds exhibiting botii a specific Immediate Type Hypersensitivity 
reaction and a spedfic Delayed Type. Hypersensitivily reaction are administered a 
therapeuticaUy effective amount of a therapeutic composition comprising the 
modified form of the protein allergen or portion thereof, the recombinantly produced 
protein allergen, or the recombitope peptide dfcrivedfrom a protein allergen, and a 
pharmaceutically acceptable carrier or diluent,smce it is beKeved that administering 
to an individual such a therapeutic composition wiU serve to desensitize the 
individual to die protein allergen. 

Recombitope peptides derived ftom protein antigens and having human T cell 
stimulating activity can also be used in other methods of determining in individuals 
the presence of immunoglobulin specific for a protein antigen and the ability of T 
cells of the individuals to be stimulated by T ceU epitope(s) of the protein antigen. 
One such mefliod comprises combining a first blood sample obtained from an 
individual or at least one portion of the sample with the protein antigen, a modified 
form of the protein antigen, or a portion of either, each of which binds 
immunoglobulin specific for theprotein antigen. The sample and antigen are 
combined under conditions appropriate for binding of blood components, e.g., 
immunoglobulin, in the sample or portion thereof with the protein antigen, modified 
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protein antigen or portion of either of the antigens. If binding occurs, a second blood 
sample obtained from the individual or a second portion of the original sample is 
combined witii a recombitope peptide comprising at least two regions derived from 
the protein antigen, a modified form of tiie protein antigen or a portion ttiereof, or tiie 
protein antigen produced lecombinanfly, each of which has human T cell stimulating 
activity and each of which preferably does not bind immunoglobulin specific for the 
protein antigen in a substantial percentage of tiie population of individuals sensitive 
to the antigen (e.g., at least about 75%), in order to determine whether T cell 
stimulation occurs. If T cell stimulation occurs, tiie individual is preferably 
administered a tiierapeutically effective amount of a tiierapeutic composition 
comprising tiie modified form of tiie protein antigen or a portion tiiereof, tiie 
iBcombinantiy produced protein antigen, or tiie recombitope peptide, and a 
phaimaceutically acceptable carrier or diluent, since it is believed tiiat administering 
to an individual such a tiierapeutic composition will desensitize tiie individual to tiie 
protein antigen. 

Metiiods for designing recombitope peptides of tiie invention are also 
provided where tiie protein antigen to which tiie individuzd is sensitive has unknown 
or in-defined T cell epitopes (e.g., some or all of tiie peptide regions of the protein 
antigen which have human T cell stimulating activity to tiie protein antigen have not 
been defined by standard T cell biology techniques, e.g., r^'PT-nt ProtOgolS W 
Immunology, edited by CoUgan, J.E. et al.. volume 1, (1991), or tiie precise human T 
cell epitopes of the protein antigen have not been defined by fine mapping 
techniques). According to one metiiod, tiie known protein structure of an allergen or 
otiier protein antigen is reviewed and tiie allergen or otiier antigen is tiieoretically 
divided into at least two peptide regions of desired lengtiis. By tiieoretically is meant 
sometiiing tiiat does not actually take place but ratiier a tiiought process, e.g., occurs 
on paper or in one's head. This division can be arbitrary, can be made according to 
an algoritiun, or can be wholly or partially based on regions of tiie protein antigen 
known to have T cell stimulating activity, preferably human T cell stimulating 
activity. When just a few regions of a protein antigen which have T cell stimulating 
. activity are knovra or when all the regions of tiie protein antigen which have human T 
cell stimulating activity are unknown, preferably, at least 50% and more preferably, 
tiie entire protein is divided into peptide regions of desired lengtiis. The peptide 
regions are tiien tiieoretically arranged to form at least one recombitope peptide in 
which the regions are rearranged in a noncontiguous order. Subsequentiy, at least 
one recombitope peptide having a rearranged configuration is produced and tiie 
ability of the recombitope peptide to stimulate human T cells is determined. In a 
furtiier embodiment, tiie ability of a recombitope peptide found to have human T cell 
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stiinulating activity is tested to detcnnine its abmty to bind immuno^^ 

for 4e allergen or other antigen, or is tested for the absence of another undesited 

property (e.g., protease activity). 

T^riftf Descri ptinn nf the Drawings 

Fig. 1 is the nucleic acid sequence and deduced amino acid sequence of cham 

1 of the human T CeU Reactive Feline Protein (TRFP) including leader sequences A 
andB. 

Hg. 2 is the nucleic acid sequence and deduced amino acid sequence of cham 

2 of TEtFP including a leader sequence. 

Fig. 3 is a graphic representation depicting the response of T cells isolated 
from cat-allergic patients and primed with affinity-purified TRFP to overlapping 
1RFP peptides analyzed by the ranked sum of peptide responses. 

Kg. 4 is the amino acid sequences of peptide X. peptide Y, peptide Z. peptide 
A and peptid&B of TllFP, each of which contains atleast one Tcell epitope of 
TRFP. 

Fig. 5 is a schematic representation of the construction of aiecombitope 

peptide YZX using polymerase diain reaction (PCR) techniques. 

Fig. 6 is a schematic representation of the construction of a lecombitope 
peptide AYZXB using PGR techniques. 

Hg. 7 is tiie nucleic add sequences of oligonucleotides C, D, E,F, G, H, and I 
used in ti»e consliuction of the recombitope peptide YZX and oKgonucleotides J. K, 
U M, N and Q used m tiie construction of die recombitdpe peptide AYZXB. 

Fig. 8 is the nuclwc add sequence (utilizing E. coli cxpresaon codons) and 
the deduced amino add sequence comprising recombitope peptide YZX, A thrombin 

deavage site is shown. 

Fig. 9 is a schematic representation of the construction of a recombitope 
peptide YZX using PGR techniques with cDNA isolated from TRFP as a template. 

Hg. 10 is tiie nucleic add sequences of primers used in flie construction of 
recombitope peptides XZY, YXZ, and ZXY. 

Hg. II is a graphic depiction of tiie amino acid sequence of die individual 
primMS used to construct the recombitope peptides XZY, YXZ and ZXY. 

Fig. 12 is a schematic representation of the construction of a recombitope 
peptide derived from phospholipase A2, which has iU-^iefined T cell epitopes. 

Hg. 13 is a representation of tiie results of SDS/PAGE Western immunoblot 
analysis detecting tiie binding of human IgE obtained from a cat allergic individual- to 
various protein samples, including recombitope peptides XYZ, XZY» YXZ, YZX, 
• ZXYandZYX. 
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Fig. 14 is a graphic representation of the results of ELISA analysis illustrating 
the binding of human IgE obtained from a cat allergic individual to various protein 
samples, including recombitope peptides XYZ, XZY, YXZ, Y2X, 2XY, and ZYX. 

Fig. 15a, 15b and 15c are graphic representations depicting the responses of T 
cell lines from three patients primed in vitro to TRFP, recombitope peptide YXZ, or 
recombitope peptide YZX, and analyzed for response to various peptides. 

Fig. 16 is a graphic representation depicting responses of murine T cells 
immunized with recombitope peptide YZX and analyzed for response ia yytTO to 
culture with the recombitope peptide YZX as measured by IL-2 production. 

Detailed Descri prinn of the Invention 

The present invention relates to isolated peptides, termed recombitope 
peptides, having T cell stimulating activity, such as induction of T cell proliferation, 
lymphokine secretion and/of T cell anergy/tolerization. Recombitope peptides of the 
invention preferably have human T cell stimulating activity and are useful in 
diagnosing and treating sensitivity in an individual to a protein allergen, autoantigen 
or other protein antigen. In general, preferred recombitope peptides within the scope 
of the invention comprise at least two regions derived from the same or from 
different protein allergens or other protein antigens, each region preferably having 
human T cell stimulating activity as determined by standard T cell biology 
techniques, and thus comprising at least one T cell epitope. In order to detennine 
precise T cell epitopes by, for example, fine mapping techniques, the peptide regions 
comprising at least one T cell epitope that have been defined by standard T cell 
biology techniques can be modified by addition or deletion of amino acid residues at 
either the amino or carboxy terminus of the peptide regions and tested to detennine a 
change in T cell reactivity to the modified peptide. Furthermore, if two or more 
peptide regions which share an area of overlap are found to have human T cell 
stimulating activity, as determined be standard T cell biology techniques, additional 
peptides can be produced comprising all or a portion of such peptide regions and 
these additional peptides can be tested by the above fine mapping procedure. As a 
result of fine mapping, a set of human T cell epitopes comprising amino acid residues 
essential to T cell recognition can be produced. 

Recombitope peptides of the invention can be produced by recombinant DNA 
techniques in a host cell transformed with a nucleic acid sequence coding for such 
recombitope peptide, or by chemical synthesis, or in certain limited situations by 
chemical cleavage of a protein allergen or other protein antigen. When produced by 
recombinant techniques, host cells transformed with nucleic acid encoding a 
recombitope peptide are cultured in a medium suitable for the cells and recombitope 
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peptides can be purified from cell culture medium, host cells, or both using 

techniques known in the art for purifying peptides or proteins including ion-exchange 

chromatography, isoelectricfocusing. gel filtration chromatography, ultrafiltration. 

electrophoresis or immunopurification with antibodies specific for the recombitope 

peptide, the protein allergen or other antigen from which the recombitope peptide is 

derived, or a portion thereof. Thus, one aspect of this invention provides a ^ 

recombitope peptide produced in a host cell transformed with a nucleic acid sequence 

coding for a recombitope peptide, or the functional equivalent of the nucleic acid 

sequence. Recombitope peptides of the invention arc isolated such that the 
recombitope peptide is substantially free of ceUular material or culture medium when 
producedbyrecombinantDNAtechniques,or,substantiaflyfteeofchemical 

precursors or other chemicals when synthesized chemicaUy, or obtainedby chemical 

cleavage of a protein allergen or other protein antigen. 

To obtain preferred recombitope peptides of the present invention compnsmg 

atleasttwoTcellepitopesofaproteittaUergenorotherproteinantisettoratleast 
two regions, each region comprising at least one T ceU epitope of a protcm allergen 
or other antigen, the T ceH epitopes or re^ons containing T cell epitope(s) are 
arranged in a configuration different from a naturally-occurring configuration of the 
T ceU epitopes or regions in the allergett or antigen. For example, the T cell epitopes 
or re^ons containing T cell epitopeCs) can be arranged in a noncontiguous 
configuration and can preferably be derived from the same protein allergen or other 
antigen. Noncontiguous is defined as an arrangement of amino acids comprising T 
ceE epitopes or regions containing TceUepitope(s) whichisdi^rentthanthat of an 
amino add sequence present in the protein allergen or other protein antigen from 
which the ^itopes or regions are derived. Furthermore, the noncontiguous T ceU 
epitopes or regions containing T cell epitopes can be arranged in a nonsequential 
order (e.g.. in an order different fi»m the order of the amino acids of the native 
protein aUergen or other protein antigen from which the T ceE epitopes or region 

contamingT cen epitope(s) are derived in which amino acids are arranged from an 
amino terminus to a carboxy terminus.) A preferred recombitope peptide comprises 
at least 15%, more preferably at least 30%, even more preferably at least 50% and 
most preferably up to 100% of the T cell epitopes of a protein aUergen or other 
protein antigen. 

Ill the situation where die T ceU epitopes of a protein aUergen or other protein 
antigen are unknown or ill-defined (e.g.. some or all of the peptide regions of the 
protein antigen which have human T ceE stimulating activity have not been defined 
by standaidTceH biology techniques or the precise human T cell epitopes of the 
protdn anti^have not been defined by fine mapping techniques), arecombitope 
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peptide may be obtained by reviewing the known protein structure of an allergen or 
other antigen and theoretically dividing the allergen or antigen into at least two 
peptide regions of desired lengths. For example, the protein sequence of the allergen 
or other antigen can be systematically divided into at least two non-overiapping 
peptide regions of desired lengths, or at least two overlapping peptide regions of 
desired lengths and theoretically arranged to form at least one recombitope peptide in 
which the at least two regions are rearranged in a noncontiguous and preferably 
nonsequential onier. This division into peptide regions can be arbitrary, can be made 
according to an algorithm, or can be wholly or partially based on regions of the 
protein antigen known to comprise at least one T cell epitope. 

When just a few of the peptide regions of the protein allergen or other protein 
antigen comprising at least one T cell epitope are known or when all the regions of 
the protein allergen or other protein antigens which have human T cell stimulating 
activity are unknown, preferably, at least 50% of the entire protein sequence of the 
protein allergen or other protein antigen and more preferably, the entire protein 
sequence of the protein allergen or other protein antigen is divided and rearranged 
into one or more recombitope peptides. The purpose behind using such a large 
percentage of the protein sequence of the protein antigen in forming the recombitope 
peptide is so that the resultant recombitope peptide comprises at least 15%, more 
preferably at least 30%, even more preferably at least 50%, and most preferably at 
least 100% of the T cell epitopes of the protein antigen. Of course, it the few peptide 
regions of the protein antigen each known to comprise at least one T cell epitope 
constitute the above-stated percentage of the T cell epitopes of the protein antigen 
and such peptide regions do not constitute at least 50% of the entire protein sequence 
of the protein antigen, it is not necessary to use such a large percentage of the entire 
protein sequence in forming the recombitope peptide. According to this method, 
recombitope peptides can then be produced recombinanfly or synthetically and the 
ability of the recombitope peptide to stimulate human T cells can be determined. 
When the recombitope peptide comprises regions derived from a protein allergen, the 
individual peptide regions can be produced and tested to determine which regions 
bind immunoglobulin E specific for the allergen and which of such regions would 
cause the release of mediators (e.g. histamine) from mast cells or basophils. Those 
peptide regions found to bind immunoglobulin E and cause the release of mediators 
from mast cells or basophils in greater than approximately 10-15% of the allergic 
sera tested are preferably not included in the peptide regions arranged to form 

recombitope peptides. 

Constructing a recombitope peptide derived from phospholipase A2, a major 

allergen from honeybee venom can be used as an illustrative example of the 
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construction of a recombitope peptide when the protein structure of a protein antigen 
is known, but the TceU epitopes are unknown or iU-defined. PhoSpholipase A2 is 

composed of 134 amino acids as defined by cDNA cloning (Kuchler, K. et al. EhtO. 
BiiieheilL 184:249-254). This amino acid sequence can be divided into regions, each 
preferably containing 20 to 35 amino acid residues, each region preferably 
overlapping another region by about 10 amino acids (see Fig- 12). Although Fig. 12 
shows the entire protein sequence of tiie protein divided into regions, the total 
sequence used to form at least one recombitope peptide can be substantially less than 
the entire protein sequence. To maximize tiie potential of including T cell epitopes m 
tiie constructed recombitope peptide, areas of overlap and length of each region can 
be designed to maintain tiie presence of T cell epitopes predicted using algorithms 
(Rotiibard, J. and Taylor. W.R. EMEIU. 7:93-100 (1988); Berzofsky. JA. Hte 
Tr.ncT? . Cine. Lond. 323:535-544 (1989)). Preferably, human T ceU epitopes witimi 
a protein allergen can be predicted using known HLA class H specific binding 
specific amino acid residues. Furthermore, to uMnimize the likelihood that the 
constructed recombitope peptide will bind human allergic IgE, the amino acid 
sequence of tiie resulting recombitope peptide can be made different from tiiat of Ae 
native structure of phosphoUpase A2 by scrambling the regions and/or by tcansposmg 
amino terminal regions or carboxy terminal regions to tiie opposite end of tiie 
molecule Ci.e., amina acid residues located at tiie amino terminus of tiie native protein 
can be placed in tiie carboxy terminus of tiie recombitope peptide) . A similar 
procedure can be utilized to construct a recombitope peptide derived fiom an 
autoantigen wifli a knovra protein structure, but witii undefined T cell epitopes such 
as glutamic add decarboxylase (e.g.. Samama. J.P.. and Mallet. X IsmmaLof 
Kenmrhfimistrv 54:703-705 (1990)), insidin (Mn'f! PiflbPtefi Me]lit^S. 12tii Edition. 
Eds. A. Marble et aL, Lea & Febiger. Philadelphia, p. 67 (1985)), . etc. In fliis 
situation, tiie peptide regions are arranged in a configuration different from a 
natnrally-occuning configuration of tiie regions in tiie autoantigen to eliminate an 
undesired property of flie autoantigen such as immtmoglobulin binding or enzymatic 
activi^. 

Recombitope peptides comprising at least two regions derived from an 
allergen or oflier antigen are tested to determine tiiose recombitope peptides having T 
cell stimulating activity a.e.. proliferation, lymphokine secretion and/or induction of 
T cell anergy/ tolerization) and tiius comprise at least one T cell epitope. For 
example, human T ceU stimulating activity can be tested by culturing T cells obtained 
ftom an individual sensitive to a protein allergen or protein antigen (i.e„ an 
individual who has an immune response to tiie protein aUergen or protein antigen) 
witii a recombitope peptide derived from tiie protein allergen or antigen and 
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determining the presence of proliferation by the T cells in response to the 
recombitope peptide. As described in detail in the Examples, stimulation indices for 
responses by T cells to recombitope peptides can be calculated as the maximum CPM 
in response to recombitope peptide divided by the medium control CPM. As used 
throughout fliis application, human T cell stimulating activity is defined as a 
stimulation index of at least 2.0. A stimulation index of at least 2.0 is considered 
positive for purposes of defining recombitope peptides useful as immunotherapeutic 
agents. Preferred recombitope peptides have a stimulation index of at least 2.5, more 
preferably at least 3.5, and most preferably at least 5.0. 

In addition, preferred recombitope peptides of the invention derived from 
protein allergens do not bind immunoglobulin E (IgE) or bind IgE to a substantially 
lesser extent than the protein allergen(s) from which the peptides are derived binds 
IgE. The major complications of standard immunotherapy are systemic responses 
such as anaphylaxis. Immunoglobulin E is a mediator of anaphylactic reactions 
wluch result from the binding and cross-linking of antigen to IgE on mast cells or 
basophils and the release of mediators (e.g., histamine, serotonin, eosinophil 
chemotactic factors). Thus, anaphylaxis could be avoided by the use of a 
recombitope peptide which does not bind IgE, or if the recombitope peptide binds 
IgE, such binding does not result in the release of mediators (e.g., histamine, etc,) 
from mast cells or basophils. In addition, recombitope peptides which have minimal 
IgE stimulating activity are particularly desirable for therapeutic effectiveness. 
Minimal IgE stimulating activity refers to IgE production that is less Uian the amount 
of IgE production and/or IL-4 production stimulated by the whole protein allergen. 

A recombitope peptide of the invention derived from a protein allergen, 
when administered to an individual sensitive to the protein allergen, is capable of 
modifying the allergic response of the individual to the allergen. Particularly, 
recombitope peptides comprising at least two T cell epitopes of a protein allergen or 
at least two regions derived from a protein allergen, each region preferably 
comprising at least one T cell epitope, when administered to an individual sensitive to 
the allergen are capable of modifying T cell response of the individual to the allergen. 
As used herein, modification of the allergic response of an individual sensitive to a 
protein allergen can be defined as non-responsiveness or diminution in symptoms to 
the allergen, as determined by standard clinical procedures (see e.g., Vamey et al.,. 
Rriti5:h Medical Journal 302: 265-269(1990)). 

As a result of the work described herein, recombitope peptides derived from 
protein allergens or other protein antigens and having T cell stimulating activity or 
preferably comprising two regions each having at least one T cell epitope have been 
produced. T cell epitopes are believed to be involved in initiation and perpetuation of 
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d^inuounc^spons^toaprntrfnanctgenorotoproBin antigen wUch is 

eptopes a« ftought .0 tfgg« early events at a. level of 4= T helper ecu by 

toJing ro an apprc^ HLA molecule on .he surftce of an -dgen pr^^g cell 
andstimnlaringftercIevantTeeasubpopulation. These events lead to T ceD 
frdS&radoB. lympholdne secretion, local inflammatory reactions, recnutment aS 
immune cells to the site, and activation of the B cell cascade leadmg to 
prodncdon of antibodies. One Uotype of these andbodies, Ig& is fundana^ly 
Lportantto the development of allergic symp«>ms and its production ts mflt^nced 
eariyin the cascade of events, at the level oftheThelpcr cell, by the namre of the 

lymphokines secreted. A T cell epitope is the basic element or smallest nmt of 
^gnitionbyaTcenreceptor,wheretheepitopecomprisesammoacjds.ssent,al«. 

receptor «=cogmtion and may be condguous and/or noncontiguous m the ammo ^d 
sequence of dteprotein. ATceEepitope,as nsedheBinhasastimnl.aonmdexof at 
least 2.0. mote preferably at least 25.evenmorep.efetrt.Iy at leas.3Jaud.nost 

preferablyatleast5.0. Amino add sequences which mimic d.ose of the Tcdl 
epitopes and which modify the allergic response «> protein allergens are ™ftm the 

scope of this invention. , ^ • ^ 

Exposure df patients to recombitope peptides of the present invention derived 
ftom protein aUergens or other protein antigens may t^lerize or anergizc appropnate 
T ceU subpopnlations such that they become mnesponsive ta the protein dlergen or 
other antigen and do not participate in stimulating an immune response upon such 
exposure. In. addition, administration of a recombitope peptide of the present 
invention derived ftom a proteis allergen may modify the lympholdne secretion 
profile as compared vdth exposure to the namrany-occurring protein allergen or 
portion thereof Ce.g.. result in a&crease of 1^4 and/or an increase m IL-2). 
Furthermore, exposure to die recombitope peptide may influence T ceU 
subpopulations which normally participate in the response to the allergen such that 
these T cells are drawn away from the site(s) of normal exposure to the aUergen (e.g.. 
nasal mucosa, skin, and lung) towards the siteCs) of therapeutic admimstration of the 
recombitope peptide. This redistribution of T cell subpopulations may amehorate or 
reduce the abiKty of an individual's immune system to stimulate the usual mimune 
response at the site of normal exposure to the aUergen. resulting in a dimmution m 
allergic symptoms. 

Recombitope peptides of the invention preferably comprise at least two T ceU 
epitopes (e.g.. the recombitope peptide comprises atleast approximately eight ammo 
acidresidues, and preferably at least fifteen amino acid residues). Other recombitope 
peptides of the invention comprise atfeasttwo regions derivedfrom the same or from 
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different protein allergens or other protein antigens, said recombitope peptides having 
T cell sthnulating activity and each region preferably having human T cell 
stimulating activity and accordingly comprising at least one T cell epitope of a 
protein allergen or other protein antigen. In general, each such region of a 
recombitope peptide comprises at least approximately seven amino acid residues of at 
least one protein allergen. Each such region of a recombitope peptide preferably 
comprise at least two T cell epitopes (eg., the recombitope peptide comprises at least 
approximately eight amino acid residues and preferably at least fifteen amino acid 
residues). Recombitope peptides of the invention can comprise as many amino acid 
residues as desired and preferably comprise at least about 7, more preferably at least 
about 15, even more preferably at least about 30 and most preferably at least about 40 
amino acid residues of a protein allergen or other protein antigen. A region of a 
recombitope peptide preferably comprises up to 45 amino acid residues in length, 
more preferably up to 40 amino acid residues in length, and most preferably up to 30 
amino acid residues in length, as increases in length of a region of a recombitope 
peptide may result in difficulty in peptide synthesis as well as retention of an 
undesirable property (e.g., immunoglobulin binding or enzymatic activity) due to 
maintenance of conformational similarity between the region and the protein allergen 
or other protein antigen from which it is derived. If desired, the amino acid 
sequences of the regions can be produced and joined by a linker to increase 
sensitivity to processing by antigen-presenting cells. Such linker can be any non- 
epitope amino acid sequence or other appropriate linking or joining agent 

When recombitope peptides are derived from protein allergens, they can 
comprise at least two regions derived from different protein allergens from the same 
genus, such as: the genus Dermatophagoides : the genus FgHs; the genus Ambrpgia; 
the genus Lolium : the genus Crvptomeria : the genus Altemana; the genus Aider; the 
genus Betula : the genus Ouercus : the genus Olea : the genus Anemsia; the genus 
Plantago : the genus Parietaria : the genus Canine : the genus PlatteHa, the genus Apia; 
and the genus Periplaneta . In addition, recombitope peptides can comprise, at least 
two regions derived from cross-reactive species, for example one region derived from 
Dermatophagoides pteronyssinus and one region derived from PermatPphagojdes 
farinae . In another embodiment, the regions can be derived from the same species 
(e.g., one region derived from Per p I and one region derived from Perp II; one 
region derived from Derf I and one region derived from Derf II; one region derived 
from Amb a I and one region derived from Amb a E; one region derived from hol P I 
and one region derived from Lol p DC; and one region derived from Cryj I and one 
region derived from Cryj II). Furthermore, recombitope peptides can comprise at 
least two regions derived from different protein allergens from the isame group, such 
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as one region derived from a group I protein aHergen of PfrmnTophagoi^^gS 
5teGfflysste (i.e., tol D and one region derived from a group I protein aUergen of 
p,p,pt.ph.rnMe. farinae fi.e..Ds£iD. Alternatively, the regions can be derived 
from different protein allergens from the same family (e.g., Amka LI . 1.2. 
AmlLa I.3. and 1.4). Particularly preferred recombitope peptides for treating 
sensitivity to ctosto are derived from the genus EsHs and comprise re^ons 
selected from peptides X. Y. Z. A and B. of TRFP, the amino acid sequences of 
each peptide as shown in Fig. 4. and modifications thereof, such as peptide C, which 
isaoneaminoacidadditiontopeptideAandisshowninFig4. Prefetied 
recombitope peptides comprise peptide YZX and peptide AY2XB. THroughout the 
appUcation, the letters X. Y, Z, A, B. and C refer respectively to peptide X. peptide 
Y. peptide Z. peptide A, peptide B, and peptide C and when the letters are used 
together (e.g.. YZX). we are referring to a recombitope pepticfc comprising peptide 
Y. peptide Z and peptide X in the sequential order specified Ci.t., YZX refers to a 
recombitope peptide comprising the amino add sequence of peptide Y foUowed 
immediately, without any intervening amino add residues, by the amino add 
sequence of peptide Zfollowed immediately, vdthout any intervening amino aad 
residues, by the amino add sequence of peptide X). The recombitope peptides of the 
invention. e.g., YZX, can comprise additional amino add residues Of dthertiie ammo 
or carboxy termiius of the recombitope peptide. 

Recombitope peptides of the invention can be derived from protein antigens 
other than protein allergens where enhancement or depression of an antigen specific 
immnneresponseis desired. For example, regions having human T cell stimulating 
activity of a known autoantigen involved in the pathogenesis of an autoimmune 
disease orT cdl epitopes of aknown autoantigen can be identffied and combined in a 
recombitope peptide to dectease fee antibody response to the autoantigen. to interfere 
with efficacy and/or decrease immune complex related side effects. In order to 
preserve the Tcefl reactivity of the autoantigen. regions of the autoantigen having 
human TceU stimulating activity could be defined by standard TceU biology 
techniques, of if desired, predse T cell epitopes can be defined by fine mapping 
techniques and a recombitope peptide comprising at least two regions each having 
human T cell stimulating activity and comprising at least one T cell epitope 
produced. For example, if tiiree regions havinghuman T cell stimulating activity or 
three T ceU epitopes were found in an autoantigen in a sequential and contiguous 
order 1. 2, 3 from an amino terminus to a carboxy terminus, six possible 
recombitope peptides utilizing each region or each T ceU epitope once could be 
produced comprising the tiiree re^ons or T ceU epitopes in various orders (e.g., 213. 
312. 132. 321.. 123. 231). These six recombitope peptides could be tested for die 
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ability to stimulate T cell activity and for the absence of an undesired property 
present in the autoantigen, e.g., the inability of the rccombitope peptide(s) to bind 
autoantibodies. Alternatively, as described previously, recombitope peptides can be 
constructed from an autoantigen without knowing which regions have T cell 
stimulating activity or what the precise T cell epitopes are. The rccombitope peptides 
which stimulate T cells and do not have undesired properties of the autoantigen (e.g., 
do not bind autoantibodies in a substantial percentage of individuals sensitive to the 
autoantigen) are selected for use as immunotherapeutics or diagnostic agents. In the 
form of a therapeutic composition, the recombitope peptide would be delivered in a 
physiologically acceptable vehicle in the absence of adjuvant to allow the 
recombitope peptide to induce antigen specific tolerance to the autoantigen from 
which the recombitope is derived and regulate any potentially damaging inmiune 
response. Among autoantigens useful in producing recombitope peptides are insulin, 
glutamic acid decarboxylase (64K), PM-1 and carboxypeptidase in diabetes; myelin 
basic protein in multiple sclerosis; rh factor in erythroblastosis fetalis; acetylcholine 
receptors in myasthenia gravis; thyroid receptors in Graves' Disease; basement 
membrane proteins in Good Pasture's syndrome; and thyroid proteins in thyroiditis. 
For example, regions having human T cell stimulating activity of myelin basic 
protein (MBP); e.g. a region comprising all or a portion of amino acid residues 84- 
106 and more preferably 84-102 and more preferably 89-101 of human MBP and a 
region comprising all or a portion of amino acid residues 140-172 and more 
preferably 143-168 of human MBP, can comprise a recombitope peptide of the 
invention for use in treating multiple sclerosis. 

Recombitope peptides within the scope of the invention can be used in 
methods of treating and diagnosing sensitivity in an individual to a protein allergen or 
other protein antigen. Thus, one aspect of the invention provides therapeutic 
compositions comprising a recombitope peptide and a pharmaceutically acceptable 
carrier or diluent Administration of the therapeutic compositions of the present 
invention to desensitize an individual to a protein allergen or other protein antigen 
can be carried out using known techniques. For example, a recombitope peptide can 
be administered in combination with an appropriate diluent, a carrier, and/or an 
adjuvant, where appropriate. Pharmaceutically acceptable diluents include saline and 
aqueous buffer solutions. Pharmaceutically acceptable carriers include polyethylene 
glycol (Wie et al., Tntemariona] Archives of Allergv and Applied Immunology M: 
84-99 (1981)) and liposomes (Strejan et al., Journal of Neuroimmunologv 7: 27 
(1984)). Pharmaceutically acceptable adjuvants include alum. Such compositions 
will generally be administered by injection (subcutaneous, intravenous, etc.), oral 
admiiustration (e.g., as in the form of a capsule), inhalation, transdermal application 
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or rectal administration. The therapeutic compositions of the invention are 
administeredtoindividualssensitivetoanaUergenorotherproteinantigenfrom 

which fee recombitope peptide is derived, at dosages and for lengths of time effective 
to reduce sensitivity of the individual to the aUergen or other antigen. A 
tfaerapeuticaUy effective amount of one or more of the same or of diffsient 
therapeutic compositions can be administered simultaneously or sequentially to an 
individualsensitivetoananergenorotherproteinantigen. Effective amounts of the 

tiierapeutic compositions will vary according to factors such as tiie degree of 
sensitivity oftixe individual, the age, sex, and weight of tiie individual, and the abihty 

ofthepeptidestostimuIateaTcellresponseintheindividual. In yet another aspect 
of the present invention, a composition is provided comprising at least two 
recombitope peptides (e.g., a physical mixture of atleasttwo recombitopes). each 
comprising at least two TceU epitopes derived from the same orfrom different 
pro^ allergens or otiier protein antigens. 

•me present invention also provides methods of detecting sensitivity m 
individuals to a protein antigen and methods ofdetennining the presence of 
immunoglobulin specific foraproteinantigenand the abiHtyofTcells of 

to respond to tiie antigen. In order to detect sensitivity, abloodsample obtainedfrom 
tiieindividualoratleastoneportionoffiiesampleiscombinedwithaprotem 
antigen, modifiedform of iheprotein antigen, or aportion of dther antigen, each of 
which binds immunoglobulin specific for the antigen, nnder conditions appropnaie 
for binding of blood components witii tiie antigen, modified antigen or portion 
thereof. Asecondblood sampte obtainedfrom an individual foundto havebindmg 
of blood components with the protein antigen, modified antigen or portion tiiereof . or 
a second portion of die first blood sample from an individual found to have bindmg 
of blood components witii Iheprotein antigen, modified antigen or portion tiiereof, is 
combined with arecombitopepeptide comprisingatleast two regions derived from a 

protein antigen, said recombitope peptide ha>dng T ceE stimulating activity; or a 
recombitope peptide comprising at least two regions derived from a protein antigen, 
each re^on which has hmnan T cell stimulating activity; or a modified form of tiie 
protein antigen or aportion tiiereoft ortiie protein antigen produced recombinantiy, 
each of which does not bind immnnoglobulin specific for tiie protein antigen in a 
substantial percentage of tiie population of individuals sensitive to tiie protein antigen 
(e.g.,atleastabout75%),inordertodeterminewhetiierTcellstimulation occurs. If 

the proton antigen is a protein allergen, tiien tfie modified form of tiie protein 
aUergen or a portion tiiereof, tiie recombinantiy produced protein allergen, or tiie 
recombitope peptide derived from tiie protein allergen does not bmd IgE specific for 
. tiie protein allergen, or if binding of IgE occurs, such binding does not result in 
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release of mediators from mast cells or basophils in a substantial percentage of a 
population of individuals sensitive to the allergen. If the individual is found to have 
binding of blood components to the antigen, modified antigen or portion thereof and 
T cell stimulation in response to the recombitope peptide, modified protein antigen, 
or portion thereof or recombinantly produced protein antigen, then the individual can 
be administered a therapeutically effective amount of a therapeutic composition 
comprising the recombitope peptide, recombinantly produced protein antigen, or the 
modified form of the protein antigen or portion thereof, and a pharmaceutically 
acceptable carrier or diluent to desensitize ±e individual to the protein antigen. 

The present invention also provides methods for detecting specific Delayed 
Type Hypersensitivity in an individual to at least one protein allergen. According to 
tiie method, an individual is administered a Delayed Type Hypersensitivity test (See 
e.g., TmmunolQgv (1985) Roitt, LM.. Brostoff, J., Male, D.K. (eds), C.V. Mosby Co., 
Gower Medical PubUshing, London, NY, pp. 19.2-19.18; pp.22. 1-22. 10) utilizing a 
modified form of the protein allergen or other protein antigen or a portion thereof, or 
a protein allergen or oflier protein antigen produced recombinantly, or a recombitope 
peptide derived from said at least one protein allergen or other protein antigen, each 
of which has human T cell stimulating activity and each of vt^hich does not bind 
immunoglobulin specific for the protein allergen or other protein antigen in a 
substantial percentage (e.g., at least about 75%) of individuals sensitive to said 
protein allergen or other protwn antigen. If the protein antigen is a protein allergen, 
tiien the modified form of the protein allergen or a portion thereof, the recombinanUy 
produced protein allergen, or the recombitope peptide derived from the protein 
allergen does not bind IgE specific for the protein allergen, or if binding of IgE 
occurs, such binding does not result in release of mediators from mast cells or 
basophils in a substantial percentage of a population of individuals sensitive to the 
allergen. It has been found that recombinant chain 1 of TRFP in a dimeric form has 
markedly reduced IgE binding, but maintains T cell reactivity (Le., recombinant 
dimeric chain 1 contains peptides X and Y, both of which are known to contain at 
least one T cell epitope) and that mild alkali treated TRFP has markedly reduced IgE 
binding, but maintains T ceU reactivity. Accordingly, recombinant chain 1 of TRFP 
in dimeric form or alkali treated TRFP could be used in the Delayed Type 
Hypersensitivity test described above, or in other diagnostic assays to determine 
sensitivity in an individual to T cell epitope(s) of TRFP and/or tiiey can be used in 
therapeutic compositions to desensitize individuals to TRFP. After administration of 
the Delayed Type Hypersensitivity test, the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual to the protein allergen or other 
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proteinantigenindicatmgpres.nceirtthe individual of Tce^^^ 
epitopeCs) of tteprotdn allergen or other protein antigen is determined 

The presentinvention farther provides methods of detecting and treatmg 
sensitivity in an individual to at least one protein aUergen. The presence m 
mdividuals of IgE specific for at least one protein allergen and the abihty of T cells 
of the individuals to respond toTcellepitope(s)of the protein aUergen can be 

determined by administering to the individuals an Immediate Type Hype«e— 
test and a Delayed Type Hypersensitivity test. Ihe individuals a- -^.mistered an 
Immediate Type Hypersensitivity test (See e.g.. Tmmynology (1985) Roitt, LM.. 
Sos:o^lMale.SK.(eds).C.V.MosbyC^^^ 

NY pp 19 2-19.18; pp.22.1-22.10)utilizingtheproteinallergenoraportion±e«^^^ 
oramodified form of the protein aUergen oraportion thereof, ea^hofw^^^ 
IgEspecificfortheaUergen. Tl.e same individuals are administeted a Delayed TVpe 
Hypersensitivity test prior to.simultaneouslymth. or subsequei^^ 

thelmmediateTypeHypersensitivitytest Of course, if the Immediate TVpe 
HypersensitivitytestisadministeredpiiortotheDelayedTypeHjTe^^^^^ 
theDelayedTypeHypersensitivity test would be given to ^oseindxvxdualsexhibitmg 

aspecificImmediateTypeHypersensitivityieaction. The Delayed TVpe 
Hypersensitivity test utilizes amodifiedform of the protein allergen or a pomon 
thereof, the protein aflergen produced recombinandy, or a recombitope peptide 
derivedfromtheproteinaUergen,eachofwhichhashmnanTcellstimulatmg ^ 
activity and each of which does notbindlgEspedficfor the allergen inasubstantial 

percentage of the population of individuals sensitive to the allergen (e.g., at least 
about 75%). Those individuals found to have both a specific linmediate Type 
Hypersensitivity reaction and a specific Delayed Type Hj^ersensifivity reaction 
administeredatherapeuticanyeffectiveamomitofatherapeuticcomposition. The 
therapeuticcomporitioncomprises the modified form of the protein or portion 

thereof, the recombinanfly produced protein allergen, or the recombitope peptide, 
each as used in the Delayed Type Hypersensitivity test, and a pharmaceutcaUy 
acceptable carrier or diluent 

ft is also possible to modify the structme of recombitope peptides for such 
puiposesasincreasingsolubmty.enhancingtherapeuticorpreventive efficacy, or 
stabiKty (e.g.. shelf life SLSdvs. and resistance to proteolytic degradation uudJifi). 
A modified recombitope peptide can be produced in which flie amino acid sequence 
has been altered, such as by amino acid substtmtion, deletion, or addition, to modify 
immmio^nicity and/or reduce aUergenicity, or to which a component has been added 
for &e same purpose. For example, the amino, acid residues essential to T ceU 
epitope fimction can be determined using known techniques (e.g.. substimuon of each 
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residue and determination of presence or absence of T cell reactivity). Those 
residues shown to be essential can be modified (e.g.. replaced by another amino add 
whose presence is shown to enhance T ceU reactivity), as can those which are not 
required for T ceU reactivity (e.g., by being replaced by another amino acid whose 
incorporation enhances T cell reactivity but does not diminish binding to relevant 
MHC). Another example of a modification of recombitope peptides is substitution of 
cysteine residues preferably with alanine, or glutamic acid, or alternatively with 
serine or threonine to minimize dimerization via disulfide linkages. In order to 
enhance stability and/or reactivity, recombitope peptides can also be modified to 
incorporate one or more polymorphisms in the ammo acid sequence of a protein 
allergen resulting fi-om natural allelic variation. Additionally, D-amino acids, non- 
natural amino acids or non-amino acid analogues can be substituted or added to 
produce a modified peptide within the scope of this invention. Furthermore, 
recombitope peptides can be modified using the polyethylene ^ycol (PEG) method 
of A. Sehon and co-workers (Wie et aL smm) to produce a peptide conjugated with 
PEG. Modifications of recombitope peptides can also include reduction/alkylation 
(Tarr in: Mftthnds of Protf^in Microchar flctftrization. J.E. Silver ed. Humana Press, 
Clifton, NJ, pp 155-194 (1986)); acylation (Tarr, ajpia); esterification (Tarr, ajpia); 
diemical coupling to an appropriate carrier (Mishell and Shiigi, eds, Sdectcd 
Methods in CftllnlflrTmrnunologv. WH Freeman, San Francisco, CA (1980); U.S. 
Patent 4,939,239); or mild formalin treatment Q^arsh Tntrrnationa] Arphives of 
AllRfgv and A pP^ ^p-^ Tmmunologv 41: 199-215(1971)). 

To facilitate purification and potentially increase solubility of recombitope 
peptides, it is possible to add reporter group(s) to the peptide backbone. For 
example, poly-histidine can be added to a recombitope peptide to purify the 
recombitope peptide on immobilized metal ion affinity chromatography (HochuU, E. 
f f al RinrTftchnnlogv . 6:1321-1235 (1988)). In addition, specific endoprotease 
cleavage sites can be introduced, if desired, between a reporter group and amino acid 
sequences of a recombitope peptide to facilitate isolation of recombitope peptides 
fi-ee of irrelevant sequences. In order to successfully desensitize an individual to a 
protein antigen, it may be necessary to increase the solubility of a recombitope 
peptide by adding functional groups to tiie peptide or by not including hydrophobic T 
ceU epitopes or regions containing hydrophobic epitopes in the recombitope peptides. 

To potentially aid proper antigen processing of T cell epitopes witiun a 
recombitope peptide, canonical protease sensitive sites can be recombinantiy or 
syntiietically engineered between regions, each comprising at least one T cell epitope. 
For example, charged amino acid pairs, such as KK or RR, can be introduced 
between regions witiiin a recombitope peptide during recombinant construction of the 
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xecombitope peptide, m resulting recombitope pepdde can be 

cathepsin and/or other tiypsin-like enzymes cleavage to generate portions of toe 
RjGombitopepeptidecontainingoneormoreTceUepitopes. In addmon, such 
charged amino acid residues, can result in an increase in solubiHty of a recombitope 

^^^\ie.directed mutagenesis of DN A encoding a recombitope peptide can be 
used to modify the structure of the recombitope pepdde. Such methods may mvolve 
PCR(Hoetal..Qea£21:51-59(1989))ortotalsynthesisofmutatedgeaes 

enhancebacterialexpression, the aforementioned methods can be usedmconjtm^^^^ 
mth other procedures to change the eucaryotic codons in DNA constructs encodmg 
recombitope peptides to ones preferentiaUy used in 

The present invention also provides nucleic acid sequences coding for 
recombitope peptides of the invention. Nucleic acid sequences used in any 
embodiment of this invention can be cDNA as described herein, or alternatively, can 
be any oligodeoxynucleotide sequence having all or a portion of a sequence 
represented herein, or their functional equivalents. Such oUgodeoxynucleotide 
sequences can be produced chemicaUy or mechanically, using known techmques. A 
functional equivalent of an oUgonucleotide sequence is one which is 1) a sequence 
capable of hybridizing to a complementary oKgonttdeotide to which *e 
oKgonucleotide sequence (or corresponding sequence portions) or ftagments thereof 
hybridizes, or 2) the sequence (or corresponding sequence portion) complementary to 
the oUgonucleotide sequence and/or 3) a Sequence which encodes a product (e.g., a 
protein, a polypeptide or a peptide) having the same functional charactenstics of tiie 
product encoded by the oHgonucleotidfr sequence (or corresponding sequence 

portion). Whether a functional equivalent must meet one or more criteria will depend 
on its use(e.g.,if it is to be used only asaprobe for hybridization, it need meet only 

the first or second criteria andifitistobeusedto produce a peptide of the present 
invention, it need only meet the fliiid criterion). 

As described in tiieExamples which fdlow. chains 1 and 2of tiie humanT 
cell Reactive Feline Protein (TRFP) (Figs. I and 2) have been recombinantiy 
e3q»ressedinE.£QEand purified. T cell epitope studies using overlapping peptide 
regions derived from tiie TBFP amino add sequence were used to identify multiple T 
ceU epitopes in each chain of TRFP. As described in detail in Example 2, DNA 
constructs were assembled in which tiiree regions (designated peptide X, peptide Y 
and peptide Z), each containing at least one major human T cell epitope of TRFP 
were linked in six possible combinations to produce six DNA constructs encodmg 
recombitope peptides comprising the three regions in six different configurations. 
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Since peptide X shares 5 amino acids at its carboxy terminus with 5 amino acids at 
the amino terminus of peptide Y, recombitope peptides XYZ and ZXY could have 
been constructed with or without duplication of said 5 amino acids (See Rg. 11 
where ZXY is constructed without duplication of ±e 5 amino acid sequence). In flie 
following Examples, the recombitope peptides were assembled contiguously, without 
duplication of the 5 amino acid sequence. In addition to the three regions X, Y and 
Z, other regions, each containing at least one human T cell epitope, could also be 
included in the recombitope peptides and DNA constructs having four or more 
regions (of N ! configurations, where N= the number of regions) produced. 
Alternatively, one or more regions can be substituted for peptide X, peptide Y, or 
peptide Z, such as peptide A or B as shown in Fig. 4, to produce for example 
recombitope peptide AXY. 

Detailed protocols are described for tiie cleavage and removal of extraneous 
sequences added to recombitope peptides as an aid to purification. Purified 
recombitope peptides have been examined for the binding of human cat-allergic 
patients* IgE on Western blots and compared to IgE binding of recombinant chains 1 
and 2 of TRFP. An EUS A was performed to examine allergic IgE binding to 
recombitope peptides relative to native TRFP, recombinant chain 1, and recombinant 
chain 2. The work described herein demonstrates tiiat recombitope peptides of tiie 
present invention have T cell stimulating activity even though tiieir q)itope 
configuration generally differs from that found in tiie native TRFP protein sequence. 
Furthermore, use of tiie recombitope peptides as prophylactic agents has been shown 
to render mice unresponsive upon antigen challenge witii native TRFP, recombinant 
chain 1, or chain 2 of TRFP, or the recombitope peptide used. 

Hiis invention is further illustrated by tiie following non-limiting examples. 

Example 1 T Cell Epitope Smd ies with Overlanning TRFP Peptides 

Peripheral blood mononuclear cells (PBMC) were purified by Ficoll-Hypaque 
centrifugation of 60 ml of heparinized peripheral blood from cat-allergic patients, 
who exhibited clinical symptoms of cat allergy and who were skin test positive witii 
cat extract Ten million PBMC from an individual patient were cultured in 10 ml 
RPMI-164D (Gibco) containing 5% pooled human AB serum and supplemented with 
glutamine, penicillin, streptomycin and HEPES buffer (complete RPMI- 1640) in tiie 
presence of 20 ng native affinity-purified TRFP/ml of culture at 31^C for 7 days. 
Viable cells were tiien purified by Ficoll-Hypaque centrifugation and cultured for 2 
additional weeks in complete RPMI- 1640 containing 5 units recombinant human IL- 
2/ml and 5 units recombinant human IL-4/ml. The resting T cells resulting from tiie 
culture were then tested in a secondary proliferation assay using a 96 well microtiter 
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plate to assess T ceU responses to the various IKFP peptides or proteins CI^ 
Lgens) as shown in Fig.3. For assay,2X104restingTceUs were culturedin 

completeRPMI-1640for3daysat37'Cinthepresenceof 5X lO^autologous 

PBMC (3500 Rads) as antigen presenting cells with a various concentration of one of 
the-rcFPantigensineachweEintheamountQf200MlperweU. Eachwellthen 

received 1 nQ tritiated thymidine for 16 hours. The counts incorporated were 
coUectedontoglassfiberfiltersandprocessedforUquidscintillationcounting. THe 

stimulation indices for responses to each peptide were then calculated as the 
maximmn CPU in response to antigen divided by the medium control CPM. A 
stimulation index of 2.5 was considered to be a positive T cell response. (As used 
throughout this appUcation, human T ceU stimulating activity is defined as a 
stimulation index of at least 2.0, However, the stimulation index of the T ceU 
epitopes or regions to be used in producing a recombitope of the invention is at least 
2 0 preferably at least 2.5. more preferably atleast3.5 and most preferably at least 
50) Asmnmaryoftheresultsof34suchexperimentsisshowttinRg.3, Thetop 

five peptide responses to the overlapping set of TRFP peptides covering chain 1 and 
chain 2 of IKF? by the T cell line derived from each patient were tanked, assigmng 

the highest positive response a 5, the next highest positive a 4. and so on. ■Riesum of 
the ranks obtained for each peptide was then calculated and is displayed on the 

histogram in Fig. 3. This type of analysis highfights the relative importance of 
differentregions of the TRFP molecule in the T ceU response to the intact protem. 
Tie results indicate that the major regions of T cell reactivity in this panel of patients 
ate encompassed Cm order of importance) by Fel-14.2 (chain 1. amino acid residues 
29-42) Fel-3 1 (chain 1, amino arid residues 18-32). FeI-2 (chain 1, amino acid 
residue 9-25).Fel-21 (chain 1. amino acid residues 56-70). Fei-29 (chain 1. amino 
add residues 56-70). FfeH.2 (chain 1. amino acid residues 1-17). Fel-4 (chain 1, 
amino add residues 37-55), Fel-18 (diain 2. amino add residues 23-48). Fel-25 
(chain 2, amino addresidues 49-68) FteH6 (chain 2, amino add residues 1-22) and 
Fd 23 (chain I. amino add residues 51-66). A set of peptides was then designed to 
coverthese regions. Portions of Fd-1.2, Fel-2. Fel-3.I and Fel-14.2 comprise 
peptideX (chain 1, amino add residues 7-33). Portions of Fel-3.1, FeM4.2, and Fel- 
4 comprise peptide Y (rfiain 1. amino acid residues 29-55)v Portions of Fel-16, Fel- 
17 and FeI-18 comprise peptide Z (chain 2. amino acid residues 14-39) . Portions of 
Fel-4. Fd 21 and Fel-23 comprise peptide A. Portions of Fel-29 comprise peptide 
B. Peptides X, Y. Z, A and B are shown in Fig. 4. 



IR^fttnpift 1 rnn^tnifTrton p nrt RvpiTMsioii of RecombitQpe Peptides 
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PCR methods (Polymerase Chain Reaction) using synthetic oligonucleotides 
were used to construct DNAs encoding the sequences of peptides X, Y, and Z. With 
the aim of enhancing expression in E. coU, the codons in the oligonucleotides were 
selected from a table of those prevalent in highly expressed E. coli proteins. Sharp, 
P. M., et al, Nucl. Acids Res . 1^:8207 (1988). The oUgonucleofides and PCR 
procedures used to construct recombitope peptides are described in detail below. 

Oligonucleotides were designed with E. coli preferred codons as 
schematically represented in Figs. 5 and 6. These oligonucleotides 
(CDJE,F,G,H,U,K,L.M,N and O shown in Fig. 7), were amplified using a Perkin 
Ehner/Cetos GeneAmp kit, in two separate PCR reactions (PCR#1 and PCR#2, 
respectively wherein PCR #1 resulted in the synthesis of the 5' portion of the DNA 
molecule encoding tiie recombitope peptide and PCR #2 resulted in the syntiiesis of 
the 3' portion of the DNA molecule encoding die recombitope peptide). "ITus 
approach was taken due to the presence of a sequence (KALPV) in both peptide X 
and peptide Y that was found to interfere in the proper PCR generation of 
recombitope YZX when a single PCR reaction was performed with oligonucleotides 
. (C-I)- In producing recombitope peptide AYZXB, as shown in Fig. 6, the 

oKgonucleotides used in PCR #1 were NJ.K, and C-I and tiic oUgonucleotides used 
in PCR #2 were C-I and L,M,0. In producing lecombitope peptide YZX, as shown 
in Rg. 5, the oligonucleotides used in PCR #1 were C J> E and F, whereas tiie 
oligonucleotides used in PCR #2 were F, G, H and L Each reaction mixture (10 Hg) 
generated the 5' half and 3' half respectively, of the intended YZX structore (Fig. 5). 
These PCR mixtiires, after the addition of Taq polymerase, were subjected to the 
following program with cycles of denaturation, annealing and polymerization: 



STEP# 


TEMPERATURE 


TIME 


1 


940c 


IMINUTE 


2 


50OC 


1.5 MINUTES 


3 


750c 


2MINUIES 


4 


REPEAT STEPS 1-3 (4 TIMES) 




5 


940c 


1 MINUTE 


6 


6OOC 


1.5 MINUTE 


7 


750c 


2 MINUTES 


8 


REPEAT STEPS 5-7 (20 TIMES) 




9 


HOLD AT 40c 





After completion of tiie PCR#1 and PCR#2 reactions in tiie constiiiction of 
tiie YZX stiTJCture, aliquots from each (100 p moles of the 10 KLg total reaction 
mixture; 1/100 volume) were added to a tiiird PCR reaction mixtiire containing a set 
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of 5- and y primers (100 p mole of primers C and D- A third PGR reaction (PGR #3) 
was performed utilizing this third PGR reaction mixmre as previously descnbed for 
PGR reactions #1 and #2 except that the amiealing temperamre in Step 6 was raised 
ta 650G. The completion of PCR#3 produced the DNA encoding recombitope 
peptide YZX. The PCR#3 reaction method is similar to that described m Horton, R. 
U,etaL Qens 77:61 (1989). Tlie whole reaction mixture used m PCR#3 was 

fractionated on a 2% agarose gel and the appropriate si^ed band (230 bp) was 
electroelutedfromti.egelsUceandprecipitated.TheisolatedDNAencodmg 

recombitope peptide YZX was subjected to another PGR reaction using excess 5 and 
3- amplification primers (C and 1). This final product was digested wxth die 
restriction enzymes BamH I and ±en cloned into the vector pETl Id und« the 
transcriptional control of the phageT? gn 10 lac 0 fusion promoter. Studier. F. W., 
ctflL LIsM&iiiEnziEml- 185:60 (1990). 

A polyHnker encoding six sequential histidines, (CAC)6. was cloned m-ftame 
onto die 5' end of the DNA encoding recombitope peptide YZX. The six Mstidine 
(H6 orHis6) leader sequence aUowed purification of the expressed recombitope 

peptide using QIAGEN NTA-Agarose (Diagen Gmbh, Dusseldoi^ Germany), a Ni + 
chelating support IiQj«, E.. etoJ.. PioTPCT»nolPgY £tl321 (1988). PNA 
encoding si;^pecificenzymaticdeavagesites(e.g.,mombin. Factor can 

be insetted using PGR methods between the poIyMstidine encoding (H6) sequence 
and the DNA encoding die recombitope peptide backbone. In the case of 
recombitope peptide YZX. a thrombin recognition site (LVPRGS) was inserted. 
Uhlen. M.. and Moks. T. }ms^m£mmiLmi29 (1990). Chang. J.-Y. IbeJ. 
BiQJtal. 121:217 (1985). 

A similar procedure to that described above to construct DNA encodmg the 
recombitope peptide YZX was used to construct DNA encoding die recombitope 
peptides XYZ and ZYX.. Jxl addition, otherpeptides containing T ceE epitopes can 
be added to an existing recombitope baclAone structure such as YZX (as produced 
above) as was the case vidth die construction of recombitope peptide AYZXB (see 
Figs 6and7). Alternatively, peptides containing T cell epitopes can be produced 
witiiout the use of an existing recombitope backbone using mediods oudined herem. 
To produce recombitope peptide AYZXB. oligonucleotide primers (J-M) widi 
overlapping regions to each end of recombitope peptide YZX and a 5' and 3' 
amplification primer (N and O) were produced. (As shown in Fig. 6. tiie darkened 
part of die molecule is die overlapping sequence). PGR reactions were performed as 
described above, llie resulting AYZXB fiagment was isolated and subcloned into 
die pET 1 IDHg TH vector. 



J280 PCT/US92/08694 

25 

An alternative procedure was used to construct the DN A encoding 
recombitope peptides XZY, YXZ, and ZXY. Each of the DNA constructs encoding 
lecombitope peptides XZY, YXZ and ZXY were Ugated at the codon encoding the 
most N- tenninal amino acid of the recombitope peptide with DNA encoding the 
leader sequence MGHHHHHHEF (where amino acids EF are encoded by Ae Eco RI 
restriction site GAATTC). DNA segments encoding the three recombitope peptides 
were assembled via consecutive PGR essentially as described by Horton, et al„ (1989) 
Gene 22: 61-68. The DNA segments encoding peptides X, Y, and Z (shown in Fig. 
4) were amplified from the Feld I cDNAs described in Morgenstem et cU., (1991) 
Proc. Natl. Acad. Sci. U.SA. 88: 9690-9694. As shown in Rg. 9, which shows as a 
specific example the construction of the recombitope peptide XZY coding sequence, 
oligonucleotide primers were synthesized with a DNA sequence that would not only 
amplify a specific DNA segment encoding peptide X, Y or Z, but would also 
covalentiy link a small segment (9-18 base pairs) of the DNA segment encoding the 
adjacent peptide X, Y, or Z. PGR was performed using Vent™ polymerase 
according to New England Biolabs' instructions with an amplification program of 30 
X [94°C 1 min760OG 1 min. 30 sec./720C 1 min.]. The primers used for PGR 
amplifications are shown in Fig. 10. Individual recombitope peptide encoding/linker 
DNA fragments from PGR amplifications were purified by preparative gel 
electrophoresis in 3% (wt7voL) NuSieve (FMC) agarose. These individual PGR 
fragments were then linked in a second PGR reaction to form a DNA construct 
encoding XZY as shown in Figs. 9 and 1 1. In order to link these PGR fragments, 3% 
NuSieve gel slices containing the initial PGR products were melted at TO^G, and 1 |il 
of each were added to a Vent™ PGR polymerase reaction which employed the 5' RI 
(NH2-terminal) and 3' Bam (GOOH-terminal) primers. 

Because of the restriction sites present in the expression vector, pETlld 
(Studier etal . 1990) , all extreme 5' primers had EcoR I encoding sites [GAATTG] in 
fi-ame with the DNA encoding the NH2-terminal amino acids of the particular 
recombitope, while the ends of the extreme 3' primers had BamH I encoding sites 
[GGATCX]. DNA constructs encoding recombitope peptides XZY, YXZ, and ZXY 
produced from the secondary PGR were EcoR I/BamH I digested and electrophoresed 
through a 0.5 (wt/vol.) SeaPlaque (FMG) agarose gel. Gel slices containijng the 
DNA constructs were melted at IC^C and added to a ligation reaction with EcoR 
I/BamH I digested Bluescript KS plasmid (Stratagene). The ligation was transformed 
into competent XL-1 Blue bacteria (Stratagene), and recombinant plasmids with 
inserts identified by diagnostic restriction digests after isolation using Qiatop Idt 
(Diagen GmbH). The sequence of inserts was verified by dideoxy chain-termination 
sequence analysis using a Sequenase n kit (United States Biocbemicals). 
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BluescriptKS plasmid^harboringDNAconstmcts cncodingiecombit^^ 
T,«T,tidesXZy YXZandZXY inserts with correct nucleotide sequence were EcoR 

Loning into theexpressionvectorpEindin frame withti^^ 

leader MGHHHHHHEF as mentioned above. tHe constats were 
subcIonedintotheEcoRiyBamHIdigestedpErildHis6Amfc^Ll HR, Th^ 
Hgationserved to exchange theDNAconstructforaninsert.intids^c^ethecDNA of 

themajorragweedanergen,A™.aLl ^^^'^^^^^^^^L^^^^^^ 
2261229-1236). pETUd His Ami; a LI AHR was derived from pET lid m two 

steps. FirstpErUdwasEcoia/HinDmdigested.blunt^-^^^^^^ 

E LDNApolymerase, and Hgated backtoitself to create pETlldMm^^^^ 

pirnlldlacllg^^dlEandEcoRI^^^^^ 

formedby excising the H6A«xfraLlcasset.^from.the expression vect^pET^^^^ 
His6Am& «LI as anNco IfflamHIfragmentandHgatingit into Nco imamHI 
digestedpETUdAHR. Recombinantplasmids were identified by diagnostic 
restriction digestsafrer isolation viaa(^pldt.andpositiveplasmids^^ 
into competentBL21[PE3]bacteriafor expression. BL21PDE3] contains a 
recombinantphagellysogen.DE3.withaphageT7RNApolymerasegene«nderthe 

transcriptionalcontroloftbelacUVS promoter. T7RNA.polymerasegene 

expresdon is induced by die addition ofIFIG.wMchintarn leads tolughl^^^^^^^^ 
expression of therecombinant^esubclonedS' of thepBTvectorsTZgniOlacO 

'^"?SvedDNAfragmentsencading(H6)frisions of mature chains^l^ 
ofTRH'subclonedintopSEMCa.S.S.N.662,276fiiedFebruary28, 1991)were 

exdsedandUgatedintopETUd. this was achieved by attaching Bel Ilinkers to the 
Pst I sites at the 3- ends of the two chains, Nco I digesting at the 5' end of the chams 

andinserting&e5'NcoI/yBclIfragmentinto5'NcoI/3BamHIdigestedpE^^ 
The recombinant peptide chains 1 and 2 of TRFP as weU as the recombxtope 

peptidesXYZ,XZy.YZX,ZYX.ZXYandYXZ were expressed in £. cc,/rand 
pnrifiedessentially as outlined below. BL21DE3 host bacteria harbormg the 
pETlld expression DNA constructs were freshly streaked onto aBHIagarplate 
(3 7% wt/voL Difco Brain Heartlnfusion; 1.5% wt/vol. Difco agar) supplemented 
with 200 ^g/ml ampicillin and incubated overnight at 37GC. A sin^e colony was 
inoculated into a 2 ml of 200 ng^ml ampiciffin/BHI media (3.7% wt/voL Difco Br^ 
Heart Infusion) and shaken at 300rpm at 370C until mrbidbutnotsamrated.The2 

Mculmre was then added to 100 ml of 200 ng/ml ampicillin/BHI media, shaken ^ 
300 rpm at 370C until turbid but not samrated, at which point the culture was divided 
into 18 X 250 ml (4 J Uters) of 200 ^g/ml ampicillin/BHI media and shaken at 300 
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rpm at 370C. When the OD595 of the culture reached 1.0, expression of the 
recombinant peptides as (His)6 fusion peptides was induced by the addition of IPTG 
to 400 |jM, and allowed to continue for two hours. 

Bacteria were harvested by centrifugation at 10,000 X g for 15 minutes, and 
resuspended in 1/50^^ volume 6 M guanidine HCl, 100 mM 2-mercaptoethanol, 100 
mM NaP04, 10 mM Tris at pH 8.0. Recombinant chain 1 and chain 2 and 
recombitope peptides (recombinant peptides) were extracted by vigorous shaking of 
the resuspended bacteria for 1 hour at 25°C. Hiis suspension was subjected to 
centrifugation at 15,000 X g, the supernatant removed, adjusted to pH 8.0 with 10 N 
NaOH, and appUed to an NTA agarose column that had been equilibrated in 6 M 
guanidine HCl, 100 mM NaP04, 10 mM Tris at pH 8.0 until the OD28O of the 
effluent reached background. The column buffer was then switched to 8 M urea, 100 
mM NaP04, 10 mM Tris at pH 8.0. After equiHbradon, a more stringent wash was 
performed in 8 M urea 100 mM NaOAc, 10 mM Tris pH 6.3 untU the OD280 of the 
effluent reached background. Each recombinant peptide (as an HiS6 fusion) was then 
eluted in 8M urea 100 mM NaOAc, 10 mM Tris at pH 4.5 and collected in aUquots 
whose OD280 profit was monitored. The peptide peak was dialyzed 3 times into 
500 volumes of PBS (Phosphate Buffered Saline) for analysis. Yield ranged from 2 
to 25 mg of recombinant peptide (Hisg) fusion per Uter witii purity (as determined by 

densitometric scanning of SDS polyacrylamide gels) generally exceeding 90%. 

The recombinant peptides (TRFP chain 1, TRFP chain 2, XYZ, YZX 
and 2:YX) outlined above all possess an N-terminal sequence added as an aid to 
purification and expression (e.g., MGHHHHHHLVPRGS-). This irrelevant N- 
terminal sequence can be removed by proteolytic digestion since the sequence 
contains a tittombin recognition site (LVPRGS) inserted between the polyhistidine 
sequence and the recombitope sequence. (See Fig. 8, the arrow indicates the 
tiirombin cleavage site.) Thrombin was used to cleave tiie irrelevant sequence leaving 
only two extra amino acid residues, OS, on tiie N-terminus of tiie TRFP chains 1 and 
2 and tiie recombitope peptides XYZ, YZX and ZYX (Chang, J.-Y. ^ur, BiQghgm, 
151:217-224 (1985)). Efficient cleavage of tiie fusion protein can be achieved by 
using a protein to tiu-ombin ratio of 1000 to 1 for 2 hours at 25*C. The cleavage and 
purification scheme used to construct recombitope peptide YZX is outiined below: 

1) recombitope peptide MGHHHHHHLVPRGS - YZX 



2) Dialyze into PBS, pH 8.0 



3) 



Hu-ombin cleavage 
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peptide: tfarombin = 1000: 1 
250c, 2 hours 

Reduction with lOOmM dithiothteitol 
in 5M guanidine HCL 
370c, 30 minutes 



5) C4 Revorse phase HPLC, pH 2.0 



6) Lyophilizadon 

Analytical reverse-phase HPLC was performed on a VYD AC 214 ■IP54 
columnwitha42mlbedvolume. TTie column was loaded with 340 of 
recombitope peptide YZX. Semi-preparative HPLC was performed usmg a VYDAC 
214 TP 1022 column with a 95 ml bed volume loaded with 90 mg of protem. THe 
gradient started with 0% to 30% acetonitrile containing 0.1% trifluoroacetic acid aver 
the first 10 minutes foUowed by 30% to 43% acetonitrile over 15 minutes. The 
mobfle phase was then held at43% acetoninilefor 10 minutes. The punfied ^ 
recombitope peptide YZX eluted at 43% acetonitrile. The cleavage and punfieation 

v.ere monitored by SDS-PAGE. The identification and purity of the recombitope 
peptide YZX was determined by protein sequence analysis using an Applied 
Biosystem Inc. Protein Sequenator Model 477A. 

P^.», pi. ^ Dir. - T P -'^- r ^^^^^ Tf^T^ TRFP ?rotein < ^ flt)^ Rr-cnmbitfipes 

Western immunoblot analysis of the recombitope peptides produced m 
Example 2 was performed. The concentration of aUprotdn samples (e.g..TRFP, 
recombinant chain 1 of TRFP, recombinant chain 2 of TRFP. recombitope peptide 
XYZ. recombitope peptide XZY. recombitope peptide YXZ. recombitope peptide 
YZX recombitope peptide 2XY and recombitope peptide ZYX) for gd 
electiphoresiswasdetenninedbytheBCAmethod(PietceCG.). AUprotein 
sampIesweieloadedonthegelat5ngAaneexceptTRFPatl0ngflane. Protem 

separation wascairied out ona 15% acrylamide gel. and transfer was performed by 
electioblotting at 1.5 Amps for L5 hours onto nitroceUulose paper (Schleicher and 
Schuell, 0.1 microns) in a Hoeffer apparams according to the protocol of Towbm. H.. 
T Stachlin, and J. Gordon. 2IiM76:4350 (1979). Proteins were rinsed m blot 
solution (25 mM Tris-HQ 7.5. 0.171 M NaQ and 0.5 mlAiter Tween 20). The blot 
was then blocked for one hour in blocking solution (1% milk in blot solution). 
Plasma from patient#417. used as aprimaiy antibody source, was diluted in blockmg 
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solution to 10% and preabsorbed for 1.5 hours with unused nitrocellulose 
(2cmxl5cm). The prepared human plasma was then incubated overnight on an 
orbital shaker with the protein blot section of interest Following the first antibody 
incubation the blot section was washed three times, each wash involved a fifteen 
minute incubation in blot solution. The second antibody, specific for human IgE 
(biotinylated goat anti-human IgE, KPL Inc.), was diluted 1:2500 in blot solution and 
the incubation proceeded for two hours. Excess second antibody was subsequently 
removed by three 15 minute incubations with blot solution. 125i lodinated 
streptavidin (Amersham) was diluted 1:2500 in blot solution and incubated with blots 
for 1 hour, at 2 |iCi in a 50 ml incubation volume. Blot sections were then washed 
with blot solution until the detectable radioactivity in the waste solution decreased to 
background levels. The blot section was then wrapped in saran wrap and exposed to 
film overnight with a cronex intensifying screen at "SO^C The IgE binding pattern 
shown in Fig. 13 demonstrates reactivity to affinity purified TRFP (lane 1) chain 1, 6 
KD in molecular weight and chain 2, ^16 KD. Hie recombinant chain 1 shows 
strong IgE binding Gane 2) while recombinant chain 2 reactivity is reduced compared 
to chain 1 (lane 3). The recombitope peptides that show IgE binding are recombitope 
peptides XYZ and 2XY (lanes 4 and 8 respectively). All other recombitope peptides 
are negative for IgE binding by this method of analysis. 

Specific binding of IgE to recombitope peptides was also demonstrated in 
ELISA assays. Coming assay plates (#25882-96) were coated with 10 fig/ml of each 
coating antigen (i.e., TRFP, chain 1 (recombinant chain 1 of TRFP), chain 2 
(recombinant chain 2 of TRFP), recombitope peptide XYZ, recombitope peptide 
XZY, recombitope peptide YXZ, recombitope peptide YZX, recombitope peptide 
ZXY and recombitope peptide ZYX) listed in Fig. 14 at 50 |il/well and incubated 
overnight at 4^C. The coating antigens were removed and the wells were blocked 
with 0.5% gelatin in PBS, 200 ^il/well for 2 hours at room temperature. Plasma from 
patient #669 was serially diluted with PBS-Tween 20 (PBS with 0.05% nonionic 
detergent Tween-20 Sigma, St. Louis MO) and 100 [xl/well was added and incubated 
overnight at 4^ C (plasma dilutions are tested in duplicate). The second antibody 
(biotinylated goat anti-Human IgE, 1: 1000, Kirkegaard & Perry Laboratories Inc. 
Gaithersburg, MD), was added at 100 |jJ/well for one hour at room temperature. 
This solution was removed and streptavidin-HRPO, 1:10,000 (Southern 
Biotechnology Associates, Inc., Birmingham, AL) was then added at 100 ^il/well for 
% one hour at room temperature (all wells were washed three times with PBS-Tween 

between each incubation step). TMB Membrane Peroxidase Substrate system 
(Kiikegaard & Perry Laboratories) was freshly mixed, and added at 100 |il/well. The 
color was allowed to develop for 2-5 minutes. The reaction was stopped by the 
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addition of 100 jil/weU of IM phosphoric acid. Plates were read on a Microplate EL 
310 Autoreader(Biotekfcstruments,Winooski, VT) with a 450nm filter. The 

absorbance levels of duplicate wells were averaged. The graphed results (log of the 
dilutionvsabsorbance)oftheELISAassaysareshowninFig. 14. 

The results of the ELIS A shown m Fig. 14 demonstrate a high level of IgE 
binding to TRFP with somewhat lower binding to recombinant TRFP cham 1 
(chainl) and chain 2 (chain 2). The two recombinant chains demonstrate^ivalent 
binding widi this particular patient's IgE. Only the recombitope peptide ZKY shows 
clear reactivity with IgE. The binding of the other recombitope peptides is at or near 
the background level with a sUght signal from recombitope peptide XYZ. To 
demonstrate that recombitope peptides were present in equal amounts in botii the 
ELISA and Western assay, anti-peptide antisera was used as a positive control and it 
gave fairly equivalent signals for alllanesand wells withrecombitopepepndes. 

^ TTnn,.. TCell Fnitonf-. Rr-,spOP?ig TO FerombiTOF^ PtifeS 
The human cat allergic T cell response to recombitope peptides was 
examined. Peripheral blood mononuclear cells (PBMC) were purified by Hcoll- 
Hypaquecentrifugation of 60 ml of heparinized peripheral bloodfrom cat-allergic 
patients, who exhibited clinical symptoms of cat aHergy and who were skm test 
positive with cat extract Ten miUion PBMC from an individual patient were 
cultured in 10 ml RPMI-1640 containing 5% pooled human AB serum and 
supplemented with glutamine. penicillin, streptomycin and HEPES buffer m the 
presence of 10 ^g native affinity-purified TRFP/ml of culture or with 25 ng punfied 
uncleaved recombitope peptide YXZ^ml of culture or with 25 ^ig purified cleaved 
recombitope peptide YZX/ml of culture at 370 C for 7 days. Recombitope peptide 
YZXwascleavedwifhthrombinasdescribedittExample2. Viable cells were then 
purified by Kcoll-Hypaquecentrifugation and cultured for 2 additional weeks m 
RPMI-1640/5% AB serum containing 5 units recombinant human II^2/ml and 5 umts 
recombinanthumanIL-4/mL TTie resting T cells were then tested, in a secondary 
proliferation assay usinga96weUmicrotiterpktft to assessTceE responses t^ 

various TTiEP proteins or peptides CTRFP antigens). For assay. 2 X 10* resting T 
cells were cultured for3daysat370C in the presence of2X104autolGgousBpstem- 

Bairvirus transformed B cells (25,000 Rads) as antigen presenting cells with vanous 
concentrations of antigen in 200 yl per welL Each weU tiien received 1 nCi tritiated 
thymidine for 16 hours. The counts incorporated were collected onto glass fiber 
filters and processed for liquid scintillation counting. The stimulation indices for 
responses to each antigen were tiien calculated as the maximum CPM in response to 
antigen divided by the medium control CPM. A stimulation index of 2.5 was 
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considered to be a positive T cell response. A summary of the results of 3 such 
experiments (patients 522, 519, and 386 is shown in Fig. 15a, Fig. 15b and Fig. 15c. 
As compared to the experiments shown in Figs. 15a and 15b, in the experiment 
shown in Fig. 15c, Fel-1.4 (chain 1, amino acid residues 6-17) was substituted for 
Fel-1.2 (chain 1, amino acid residues 1-17) and Fel-33.3 (chain 2, amino acid 
residues 26-40) was substituted for Fel-18 (cham 2, amino acid residues 23-48) in 
order to more closely resemble the constituent amino acids of peptides X and Z. In 
addition, in this experiment one peptide derived from the Y-Z junction of 
rccombitope peptide YZX (amino acid residues 50-55 from chain 1 of TRFP and 
amino acid residues 14-19 from chain 2 of TRFP) and one peptide derived from Ae 
Z-X junction of rccombitope peptide YZX (amino acid residues 34-39 of cham 2 of 
TRFP and amino acid residues 7-12 of chain 1 of TRFP) were synthesized and tested. 
These junction peptides were produced in order to determine whether these areas of 
rccombitope peptide YZX produce a non-native epitope when formed in the 

rccombitope peptide. 

5he results indicate that T cells firam patient 522 primed witii native TRFP 
positively respond to native TRFP, rccombitope peptide YXZ, peptide Y, Fel-14.2 
and Fel-17. In contrast, T c»lls primed with riscombitope YXZ respond less well to 
native TRFP, but respond at a similar level or better to a number of syntiietic peptides 
corresponding to portions of the TRFP molecule, including peptide X, peptide Y, 
peptide Z, Fel-4, Fel-3.1, Fel-2, Fel-14.2, Fel-17 and Fel-18. Similar results of an 
ejqwriment with T cells from patient 519 are shown in Fig. 15b. Native TRFP- 
primed T cells from this patient respond to native purified TRFP, rccombitope 
peptide YXZ and peptide Y. When tiie same patient's cells were primed witix 
recombitope peptide YXZ, positive responses were shown to native TRFP, 
rccombitope peptide YXZ, peptide X, peptide Y, peptide Z, Fel-3.1, Fel-4, and Fel- 
17. Fig. 15c shows a similar experiment involving purified cleaved rccombitope 
YZX as the priming antigen. The results indicate that T cells from patient 386 
primed witii native TRFP positively respond to native TRFP, rccombitope peptide 
YZX, peptide X, peptide Y, Fel-3.1, and Fel-14.2. In contrast. T ceUs primed witii 
recombitope YZX respond at a similar level or better to native TRPP, recombitope 
peptide YZX. peptide X, peptide Y, peptide Z, Fel-2, ?sl-3.1, Fel-14.2 and Fel-17, 
These data indicate tiiat, at least in tiiese tiiree patients, T cells can efficientiy 
recognize TRFP T ceU epitopes when presented as a recombitope peptide. No 
epitopes present in die native TRFP molecule examined in these experiments are 
destroyed in the context of tiie YXZ recombitope peptide. The ability of tiie 
recombitope peptides YXZ or YZX to present TRFP epitopes in tiiese experiments 
appears to be greater compared with the native molecule. The results from Patient 
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386 demonstrate that peptides derived from the junctional areas of the recombitope 
YZX (YZ junction peptide and ZX junction peptide) are not recognized by T cells 
when presented in a recombitope peptide; therefore, no non-native epitopes are 
created in flie junctional areas- 



Mice were immunized with recombitope peptide YZX to determine whether T 
ceU epitopes contained in the recombitope peptide derived from TBFP are capable of 
stimulating aTcell response. The assay determined the ability of lymphnode cells 
to respond to the individual recombitope peptides as weH as the immuni^g antigen, 

10 B6CBAF1 mice were hnmumzed subcutaneously at th& base of the tail and 
in the thigh region with 100 ng of recombitope peptide YZX in complete Freund's 
adjuvant After 10 days, the inguinal, paraaortic, and popUteal nodesofthe 
immunized mice were iBmoved and pooled. Ihe lymph node cells were suspended in 
coldRPMI1640withl%fetaIbavineserum(FBS) by passage through stainless 
steel mesh. Ihe cells were washed 2 times with cold RPMI-I640 containing 1% FBS 

and maintained at 4^C. 

The lymph node cells were plated at4x 10^ cells/ml in RPMI 1640 with 10% 

FBS, 250 |ig/ml penicillin G» 100 fig^ml streptomycin, ^d 5 x 10^^ M 2- 
mercaptoethanoL The cells were cultured with antigen O-e.. recombiK)pe peptide 
YZX, recombitope peptide ZYX, recombitope peptide XZY, peptide X, peptide Y, 
peptide Z. peptides X, Y and Z and AmkaD as indicated (Fig. 16). After 24 hours. 
50 pi of supernatant was removed ftom each culture and frozen overnight to 
eliminate five cell carryover. The supernatant was warmed to 37° degrees and 
washed. ClIJ>2indicator cells (ATCC#T1B 214) were added (5 x 103 cells/weU). 
This indicator cell line teqmres IL-2 for continued growth. After 24 hours, h3- 
thymidine (liiCi/weU) was added and the cells were further incubated for 4 hours. 
The plates were ftozen and &awed, harvested on a Tomtec 96 well harvester 
CTomtec. Orange, Conn.), and counted on aBetaplate beta counter O'hannacia, 

Gai&etsburg, MD.). 

The pooled lymph node cells respond well in vitro in response to culmre with 
recombitope peptide YZX, as measured by IL-2 production (Fig. 16). The media 
only badcground averaged 1500 cpm. The T ceU response to recombitope peptide 
YZX may residt from one or a combination of responses to the individual peptide 
containing epitopes used to construct the recombitope peptide a.e., peptides X, Y and 
Z). Other recombitope peptides as well as the individual peptides X, Y and Z were 
cultured with lymph node cells and the response of T cells was determined. There 
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was significant response to each of the peptides X, Y and Z, the constituent peptides. 
There were strong T cell responses to several other recombitope peptides ZYX and 
XZY. There was a small, but significant, T cell response to a recombinant Amb 9- 1 
preparation which has the same amino-terminal leader sequences as the recombitope 
peptides. 

Example 6 Applirarinn of R pnnmhitnpes to Allergic Disease PiagHOSiS 

The recombitope peptides can be useful as a new form of diagnosis of 
sensitivity to a protein allergen or a protein antigen. For example, although 
preferred recombitope peptides of the invention do not bind IgE, certain recombitope 
peptides derived from protein allergens may be capable of binding allergic patient 
IgE. These recombitope peptides could be used in skin testing as an accurate assay 
for specific Immediate Type Hypersensitivity (TTH) in an individual to the protein 
allergen from which the recombitope peptide is derived. The allergens for eliciting 
ihe ITH response could also be recombinant produced allergens, biochemically 
purified allergens firom natural sources in addition to recombitope peptides with the 
only lequiiement being a high degree of specific IgE reactivity. Recombitope 
peptides which show no, or very low, reactivity with human IgE but comprise Tcdl 
epitopes reactive with a protein allergen can be used to elicit a Delayed Type 
Hypersensitivity (DTH) reaction in an individual sensitive to the allergen from which 

the epitopes are derived. ITie allergen forms for generating the.DTH response can be 

isolated recombitope peptides, recombinant allergens or chemically modified namral 
or iwombinant allergens (e.g., KOH treated TRFP). Again, a major requirement of 
the DTH provoking allergen/antigen is lack of IgE binding reactivity, or if such 
binding occurs, lack of mediator release from mast cells or basophils and the ability 
to stimulate T cells in an individual upon administration. A positive DTH is 
indicative of T cells of the individual specific for the epitopes within the recombitope 
peptide. In general, recombitope peptides are larger molecules than peptides which 
comprise an individual T cell epitope and are thus advantageous for DTH testing. 
Since the recombitope peptides are larger molecules, it is believed that they should 
reside in the skin (site of injection) allowing for the influx of T lymphocytes and 
other cells that contribute to the DTH skin response. 

The ITH reaction, which occurs within 15 to 30 minutes of skin testing, can 
be used in combination with a DTH reaction, with the DTH reaction appearing 48-72 
hours later. It is the combination of these assays, for two different types of allergic 
disease related reactivities, that represents a novel diagnostic formulation. The 
application to the skin during skin testing with a recombitope peptide may require a 
different format for eliciting one response versus another (TTH vs DTH). For 
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e^ple. the nH rcactioa may be eUcitcd in aa individual by pri^ 
veiy small quantity of a Aerapentic composition comprising a recombitope peptide 
(in this case the an IgE leactive recombitope peptide), and apharmaceuucally 
acceptablecarrierordiluent. To elicit a DTH reaction, a large amount of a 
therapeutic composition comprising a recombitope peptide (in this caseanon-IgE 
reactive recombitope peptide) and a pharmaceutically acceptable carrier or dUuent is 
appUed by an intradermal injection or tine test form (both are used forTB testing by 
DTH). See Tm rnu n Q l OSY (1985) Roitt. LM.. Brostoff. J.. Mde. D.K (eds) CV- 
Mosby Co., Gower Medical Publishing. London, NY, pp. 19.M9.18; pp.22.1-22.10. 
FoUovdng diagnosis with recombitope peptides of the invention individuals can be ^ 
selectedfor specific desensitizadon therapy by defining, in one test set. IgB reactivity 
and T epitope reactivity. 
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1. An isolated recombitope peptide comprising at least two legions each having 
human T cell stimulating activity, said regions each comprising at least one T 
cell epitope of a protein allergen, said regions derived from the same or from 
different protein allergens. 

2. An isolated recombitope peptide of claim 1 comprising at least three regions 
each having human T cell sthnulating activity. 

3. An isolated recombitope peptide of claim 1 wherein the regions are arranged 
in a configuration different from a naturally-occtining configuration of the 
regions in a protein allergen. 

4. An isolated recombitope peptide of claim 3 wherein the regions are derived 
from the same protein allergen. 

5. An isolated recombitope peptide of claim 1 wherein ±& regions are derived 
from the same protein allergen and wherein the regions are arranged in a 
noncontiguous configuration. 

6. An isolated recombitope peptide of claim 5 wherein tiie noncontiguous 
regions are defined by amino acids and wherein the protein allergen from 
which the regions are derived comprises amino acids arranged in a sequential 
order fi^m an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of tiie recombitope arc arranged in a nonsequential 
order. 

7. An isolated recombitope peptide of claim 1 wherein at least two of tiie regions 
are derived from different protein allergens from the same genus. 

8. An isolated recombitope peptide of claim 7, wherein tiie genus is selected 
from tiie group consisting of: tiie genus Pfrmatnphagoides: the genus EsMs; 
tiie genus Ambrosia : tiie genus Lolium : tiie genus Cryptomgrja; tiie genus 
Altemaria : the genus Alder : tiie genus Betula: tiie genus QyerPUS ; tiie genus 
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Osa; the genus^asfflisia; the genus Hanm; the genusfaasiaria; fee genus 
£aaa£: the genus SlaffisD^* &e genus and the genus Esnitea. 

An isolated recombitope pepmde of claim 7 wherein the at least two regions 
are derived &om cross-reactive spedes. 

An isolated recombitope peptide of claim 9 wherein the recombitope peptide 
comptises at least one region derived ftom P ^ rm f ^tophnpoides mmssnm 
and at least one region derived from PfrmamphafOides iannafi. 

II Anisolatedrecombitopepeptideofclaimlwhereinatleasttwooftheregions 
are derived from different protein allergens of the same species. 

An isolai^ recombitope peptide of claim II wherein the recombitope peptide 
is selected from the group consisting of a recombitope peptide compnsmg: 
a> one region derived from toll and one region derived from DSLB H; 

b) one region derived from DSLf I and one region derived froml2£Lf H; 

c) oneregionderivedfromAmlLaIandoneregionderivedfrom,Ainil3n; 

d) one region derived from LaU I and one region derived from LsU K; and 

e) one region derived from Ciyi I and one region derived from QjU IL 

An isolatedrecombitope peptide of claim 1 wherein at least two of the regions 
are derived from different protein aUergens of the same group. 

An isolated recombitope peptide of claim 13 wherein the recombitope peptide 
comprises at least one region derived from 32a^ I and one re^on derived 
from Derf L 



12. 



13. 



14. 



15. An isolated recombitope peptide of daim 1 wherein at least two of the lepons 
: derived from different protein allergens of the same family. 



are) 



16. An isolated recombitope peptide of claim 15 wherein at least two of the 
regions are each derived from the group consisting of MllLa LI, -^alLa L2, 
Amb a L3. and fiffob 

17. An isolated recombitope peptide of clam 1 which has minimal 
immunoglobulin E stimidating activity. 
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18. An isolated recombitope peptide of claim 5 which has minimal 
immunoglobulin E stimulating activity. 

19. An isolated recombitope peptide of claim 1 which binds immunoglobulin E to 
a substotially lesser extent than protein allergens from which the regions are 
derived binds said immunoglobulin E. 

20. An isolated recombitope peptide of claim 5 which binds immunoglobulin E to 
a substantially lesser extent than the protein allergen from which the regions 
arc derived binds said immunoglobulin E. 

21. An isolated recombitope peptide of claim 1 which does not bind 
immunoglobulin E specific for a protein allergen, or if binding of the 
recombitope peptide to said immunoglobulin E occurs, such binding does not 
result in release of mediators from mast cells or basophils in a substantial 
percentage of individuals sensitive to said protein allergen. 

22. An isolated recombitope peptide of claim 5 which does not bind 
immunoglobulin E specific for a protein allergen, or if binding of the 
recombitope peptide to said inmiunoglobulin E occurs, such binding does not 
result in release of mediators from mast cells or basophils in a substantial 
percentage of individuals sraisitive to said protein allergen. 

23. An isolated recombitope peptide of claim 1 which, upon administration to an 
individual allergic to said protein allergen or allergens from which the 
recombitope peptide is derived, modifies the allergic response of the 
individual to said protein allergen or allergens. 

24. An isolated recombitope peptide of claim 5 which, upon administration to an 
individual allergic to said protein allergen or allergens from which the 
recombitope peptide is derived, modifies the allergic response of the 
individual to said protein allergen or allergens. 



25. 



An isolated recombitope peptide of claim 1 wherein the regions are selected 
from the group consisting of peptide X, peptide Y, peptide Z, peptide A, 
peptide B, and peptide C, each as shown in Fig. 4. 
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26 An isolated recombitope peptide of claim 25 wherein the regions comprise 
peptide X. peptide Y, and peptide Z each as shown m Fig. 4. 

An isolated recombitope peptide of claim 25 wherein the regions comprise 
peptide X. peptide Y, peptide Z. peptide A, and peptide B, each as shown in 
Fig, 4. 

An isolated recombitope peptide Y2X comprising peptide Y, peptide Z and 
peptide X, in sequential order, each peptide as shown m Fig. 4. 

An isolated recombitope peptide of AYZXB comprising peptide A peptide Y, 
peptide Z. peptide Y and peptide B in sequential order, each peptide as shown 
in Fig. 4. 

An isolated recombitope peptide of claim 1 including a proteolytic site 
inserted between at least two of said regions. 

31. An isolated recombitope peptide of claim 1 wherein the regions each 
comprise at least two T ceU epitopes of a protein aUergen. 

32. An isolated peptide of a protein allergen of the genus Edis, said peptide 
comprising at least one T cell epitope of said protein allergen, said pepude 
comprising an amino add sequence selected from the group consisting of the 
amino acid sequence as shown in Rg. 4 of peptide A and peptide B. 

S3. A nucleic add sequence coding for a recombitope peptide of claim 1 or the 
fhnctional equivalent of said nucleic acid sequence. 

34. A nucldc add sequence coding for a recombitope peptide of claim 5 or the 
functional equivalent of said nucleic acid sequence. 

35 An isolated recombitope peptide comprising at least two regions derived from 
the same or from different protein antigens, said recombitope peptide havmg 
human T cell stimulating activity. 

36. An isolated recombitope peptide of claim 35 wherein the protein antigens 
comprise protein allergens. 
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37. An isolated recombitope peptide of claim 35 comprising at least three regions. 

38. An isolated recombitope peptide of claim 35 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein antigen. 

39. An isolated recombitope peptide of claim 38 wherein the regions are derived 
from the same protein antigen. 

40. An isolated recombitope peptide of claim 35 wherein the regions are derived 
from the same protein antigen and wherein the regions are arranged in a 
noncontiguous configuration. 

41. An isolated recombitope peptide of claim 40 wherein the noncontiguous 
regions are defmed by amino acids and wherein the protein antigen from 
which the regions are derived comprises ammo acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

42. A tiierapeutic composition comprising a recombitope peptide of claim 1 and a 
pharmaceutically acceptable carrier or diluent 

43. A tiierapeutic composition comprising a recombitope peptide of claim 5 and a 
pharmaceutically acceptable carrier or diluent 

44. A therapeutic composition comprising a recombitope peptide of claim 7 and a 
pharmaceutically acceptable carrier or diluent 

45. A method of treating sensitivity to a protein allergen in an individual, 
comprising administering to tiie individual a tiierapeutically effective amount 
of the composition of claim 42. 

46. A metiiod of treating sensitivity to a protein allergen in an individual, 
comprising administering sequentially to tiie individual two different 
compositions of claim 42 in a tiierapeutically effective amount 
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47 A method of treating sensitivity to a protein allergen in an individual. 
' comprising administering to the individual a therapeutically effective amount 
of flie composition of claim 43. 

48. A therapeutic composition comprising a recombitope peptide of claim 35 and 
a pharmaceutically acceptable carrier or diluent 

49. A therapeutic composition comprising a recombitope peptide of claim 36 and 
a pharmaceutically acceptable carrier or diluent 

50. A therapeutic composition comprising a recombitope peptide of claim 40 and 
a pharmaceutically acceptable carrier or diluent 

51 A method of treating sensitivity to a protein aHe^en in an individual, 
comprising administering to the individual a therapeuticaHy effective amount 
of the composition of claim 48. 

52 A method of treating sensitivity to a protein allergen in an individual, 
comprising administering to the individual a therapeutically effective amomit 
of the composition of claim 49* 

53 A method for detecting specific Delayed Type Hypersensitivity in ^ 
individual to at least one protein allergen, comprising admimstermg to the 
individual a Delayed Type Hypersensitivfly test utilizing a modified from of 
said at least one protein allergen or a portion thereof, or said at least one 
protein aUergen produced lecombinanfly. or a recombitope peptide 
comprising atleasttwo regions derivedfrom said at least one protein allergen, 
each of which has human T cell stimulatins activity and each of which does 
not bind immunoglobulin E spedfic for said at least one protein allergen, or if 
binding of &e lecombitope to said immmioglobuiin E occurs, such bindmg 
does not result in release of mediators from mast cells or basophils m a 
substantial percentage of individuals sensitive to said at least one protem 
allergen, and determining the extent to which a specific Delayed Type 
Hypersensitivity reaedon occurs in the individuaL 

54. A method of claim 53. wherein the regions each comprise at least one T ceU 
epitope of said at least one protein allergeau 
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55. A method for detennining in individuals the presence of immunoglobulin E 
specific for at least one protein allergen and ihe ability of T cells of the 
individuals to respond to T cell epitope(s) of said at least one protein allergen, 
comprising the steps of: 

a) administering to the individuals an Immediate Type 
Hypersensitivity test utUizing said at least one protein allergen or a portion 
thereof, or a modified form of said at least one protein allergen or a portion 
thereof, each of which binds immunoglobulin E specific for said at least one 
protein allergen; 

b) determining whether a specific Immediate Type Hypersensitivity 
reaction occurs; 

c) administering to an individual prior to, simultaneously witlx, or 
subsequent to administration of the Immediate Type Hypersensitivity test in 
step (a), a Delayed Type Hypersensitivity test utilizing a modified form of 
said at least one protein aUergen or a portion thereof, or said at least one 
protein allergen produced lecombinantly. or a recombitope peptide 
comprising at least two regions derived from said at least one protein allergen, 
each of which has human T cell stimulating activity and each of which does 
not bind immunoglobulin E specific for said at least one protein allergen, or if 
binding to said immunoglobulin E occurs, such binding does not result in 
release of mediators from mast cells or basophils in a substantial percentage 
of a population of individuals sensitive to said at least one protein allergen; 
and 

d) determining whether a specific Delayed Type Hypersensitivity 
reaction occurs. 

56. A method of claim 55 wherein the regions of the recombitope peptide each 
comprise at least one T cell epitope of said at least one protein allergen. 

57. A method of detecting and treating sensitivity in an individual to at least one 
protein allergen, comprising the steps of : 

a) administering to the individuals an Immediate Type 
hypersensitivity test utiUzing said at least one protein aUergen or a portion 
thereof, or a modified form of said at least one protein allergen or a portion 
thereof, each of which binds immunoglobulin E specific for said at least one 
protein allergen; 

b) detennining whether a specific Immediate Type Hypersensitivity 
reaction occurs; 
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c) administering to an individual having a specific Immed^ 
Hypersensitivity reaction a Delayed Type Hypersensitivity test utilimg 
a modified form of said at least one protein aflergen or a poruon 
thereof, or said at least one protein.allergen produced recombmantly, or 
a recombitope peptide comprising at least two regions derived from 
said at least one protein aHergen. each of which has human T ceU 
stimulating activity to said at least one protein allergen and each of 
which does not bind immunoglobulin E specific for said at least one 

. protein allergen, or if binding to said immunoglobulin E occurs, such 
binding does not result in^ release of mediators from mast ceUs or 

basophils; • • 

d) determining whether a specific Delayed Type Hypersensittvity 

reaction occurs; and 

e) administering to the individual having a specific Immediate Type 
Hypersensitivity reaction and a specific Delayed Type Hypersensitivity 
reaction a tfierapeuticaUy effective amount of a therapeutic 
composition comprisingthe modified form of said at least one protem 
anergen or said portion thereof of step (c). or said recombinantly 
produced protein aUergen of step (c), or said recombitope peptide of 

Step (c) and a phaimaceutically acceptable carrier or diluent. 

58 A method of claim 57 wherein the regions of the ocombitope peptide each 
comprise at least one T ceH epitope of said at least one protein allergen. 

A method for designing the recombitope peptide of claim 35. compriang the 
Steps of: 

a) reviewing the tnown protein structure of an antigen; 

b) tfaeoreticany dividing the antigen into at least two peptide regions 

of desired lengths; 

c) tiieoreticaUyatrangingsaidatleasttwopeptidetegionstofotm 

at least one recombitope peptide in which tiie peptide regions are 
rearranged in a noncontiguous order; 

d) producing at least one recombitope peptide having tiie 
configuration of the at least one recombitope peptide of step (p); and 

e) dft^-rmining whether tiie at least one recombitope peptide of step 
(d) has human T cell stimulating activity. 



59. 



60. A method of claim 59 further comprismg the step of: 
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f) determining whether the recombitope peptide found to have human 
T cell stimulating activity in step (e) binds immunoglobulin E specific 
for the antigen of step (a). 

61. A method of claim 59 wherein in step (b) the antigen is divided into 
overlapping regions of desired lengths. 

62. The method of claim 59 wherein there is known at least one T cell epitope of 
the antigen or at least one region of the antigen having human T cell 
stimulating activity and wherein in step (b), said region having human T cell 
stimulating activity or said T cell epitope is utilized as at least one of said 
peptide regions. 

63. A method of claim 59 wherein in step (b) the antigen is divided into regions 
according to an algorithm. 

64. A method of claim 59 wherein the protein antigen comprises a protein 
allergen and wherein step (b) further comprises producing said peptide 
regions and determining whedier said peptide regions bind immunoglobulin E 
specific for the allergen of step (a), and if such peptide regions hind IgE, 
whether such binding causes the release of mediators from mast cells or 
basophils, and wherein in step (c) the peptide regions that bind 
immunoglobulin E specific for the allergen of step (a) and cause the release of 
mediators from mast cells or basophils are not included in the peptide regions 
arranged to form the at least one recombitope peptide. 

65. An isolated recombitope peptide comprising at least two T cell epitopes 
derived from the same or from different protein antigens. 

66. An isolated recombitope peptide of claim 65 comprising at least three T cell 
epitopes. 

67. A method of treating sensitivity to a protein antigen in an individual 
comprising administering sequentially to the individual at least two different 
isolated recombitope peptides, each recombitope peptide comprising at least 
two human T cell epitopes derived from the same or from different protein 
antigens, in a therapeutically effective amount. 
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A method of treating sensitivity to ^ toesto in an individual 
comprising administering sequentially to the individual at least two different 
peptides selected from the group consisting of: peptide X; peptide Y; peptide 
Z; peptide A; peptide B; and peptide C. each as shown in F,g. 4, in a 
therapeutically effective amount. 

69 A composition comprising at least ^o isolated lecombitope peptides, said 
recombitope peptides each comprising at least two T cell epitopes denved 
from the same or from different protein antigens. 

70 A composition comprising at least two isolated recombitope . peptides, said 
recombitope peptides each comprising at least two regions each havmg human 
T ceU stimulating activity, said regions each comprising at least one T ceH 
epitope of a protein antigen, said regions derived from the same or from 
different protein antigens. 

71. A composition comprising at least two isolated recombitope peptides, said 
recombitope peptides each comprising at least two regions derived from the 
same or from different proton antigens, said recombitope peptides each 
having human T ceH stimulating activity. 

72. An isolated recombitope peptide comprising at least two regions each having 
human T ceU stimulating activity, said regions each comprising at least one T 
cell epitope of a protein antigen. 

73. An isolated recombitope peptide of claim 72 wherein liie protein antigen is an 
autoantigen. 

74. An isolated recombitope peptide of claim 73 wherein die autoantigen is 
selected from the group consisting of. insulin; myelin basic protein; rh factor; 
acetylcholine receptors; thyroid cell receptors; basement membrane proteins; 
thyroid proteins; PM-1; glutamic acid decarboxylase (64K); and 
carboxypeptidase £L 

75. An isolated recombitope peptide of claim 72 wherein tiie regions are arranged 
in a configuration ffiffercnt from a naturally-occurring configuration of die 
re^ons in a protein antigen. 
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76. An isolated recombitope peptide of claim 72 wherein the regions are arranged 
in a noncontiguous configuration. 

77. An isolated recombitope peptide of claim 76 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of tiie recombitope peptide are arranged in a 
nonsequential order, 

78. An isolated recombitope peptide of claim 72 which does not bind 
immunoglobulin specific for said protein antigen in a substantial percentage 
of individuals sensitive to said protein antigen. 

79. An isolated recombitope peptide of claim 73 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein antigen. 

80. An isolated recombitope peptide of claim 73 wherein tiie regions are arranged 
in a noncontiguous configuration. 

81. An isolated recombitope peptide of claim 80 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

82. 'An isolated recombitope peptide of claim 73 which does not bind 
immunoglobulin specific for said autoantigen in a substantial percentage of 
individuals sensitive to said protein antigen. 

83. A nucleic acid sequence coding for a recombitope peptide of claim 72 or the 
functional equivalent of said nucleic acid sequence. 

84. A therapeutic composition comprising a recombitope peptide of claim 78 and 
a pharmaceutically acceptable carrier or diluent. 
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85. A therapeutic compositioii comprising a recombitope peptide of claim 76 and 
a phannaceudcaUy accq)table carrier ordHuent 

86. A therapeutic composition comprising a recombitope peptide of claim 80 and 
a pharmaceuticaUy acceptable carrier or diluent. 

87. A therapeutic composition comprising a recombitope peptide of claim 82 and 
a pharmaceutically acceptable carrier or diluent 

88 A method of treating sensitivity to a protein antigen in an individual, 
' . comprising administering sequentially to the individual -two different 

compositions of claim 84 in a therapeutically efiective amount 

89 A method of treating sensitivity to a protein antigen in an individual, 
comprising administering sequentially to the individual, mo different 
compositions of claim 87 in a tiierapeutically effective amount 

90 A composition comprising at least two isolated recombitope peptides, said 
recombitope peptides each comprising at least two re^ons each havmg hmnan 
T ceU stimulating activity, said regions each comprising at least one T cell 
epitope of a protein antigen. 

91 A method of determining in individuals the presence of immunoglobulin 
specific for a proton antigpn and tiie abiKty of T cells of the individuals to 
respond to T cell epitope(s) of said protein antigen, comprising the steps of: 

a) combining a first blood sample or at least one portion of a first 

Mood sample obtained firom an individual with said 
protein antigen or a portion thereof, or a modified form of said 

protein 

antigen or a portion thereof, each of which binds immunoglobulin 
spedfic for said protein antigen, under conditions appropriate for 
binding of blood components with sad protein antigen, modified 
protein antigen or a portion of either of said antigens; 

b) determining whether binding occurs; 

c) combining a second blood sample or a second portion of said first 
blood sample obtained from an individual found 

to have binding of blood components in step (b), witii a recombitope peptide 
comprising at least two regions dbrived from said protein antigen, said 
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rccombitope peptide having human T cell stimulatingactivity to said protein 
antigen and which does not bind immunoglobulin specific for said protein 
antigen in a substantial percentage of a population of individuals, sensitive to 

the antigen; and 

d) determining whether T cell stimulation occurs. 

92. A method of detecting and treating sensitivity in an individual to a protein 
antigen, comprising the steps of : 

a) combining a first blood sample or at least one portion of a first 
blood sample obtained from the individual with said protein antigen or a 
portion thereof, or a modified form of said protein antigen or a portion 
tiiereof, each of which binds immunoglol)ulin specific for said protein 
antigen, under conditions appropriate for binding of blood components witii 
said protein antigen, modified protein antigen or a portion of eitiier of said 
antigens; 

b) determining whetiier binding occurs; 

c) combining a second blood sample or a second portion of said fiist 
blood sample obtained from tiie individual found to have binding of blood 
components in step (b), witii a modified form of said protein antigen or a 
portion fliereof, or said protein antigen produced rccombinantiy, or a 
recombitope peptide comprising at least two regions derived from said protein 
antigen, each of which has human T ceU stimulating activity to said protein 
antigen and each of which does not bind immunoglobulin specific for said 
protein antigen in a substantial percentage of a population of individuals 
sensitive to the protein antigen; 

d) deteitnining whether T cell stimulation occurs; and 

c) administering to the individual found to have binding in step (b) 
and T cell stimulation in step (d) a tiierapeutically effective amount of a 
therapeutic composition comprising the modified form of said protein 
antigen or said portion tiiereof of step (c), or said rccombinantiy produced 
protein antigen of step (c), or said recombitope peptide of step (c) and a 
pharmacputically acceptable carrier or diluent 

93. A metiiod for detecting specific Delayed Type Hypersensitivity in an 
individual to at least one protein antigen, compising administering, to the 
individual a Delayed Type Hypersensitivity test utilizing a modified form of 
said at least one protein antigen or a portion tiiereof, or said at least one 
protein antigen produced rccombinantiy, or a recombitope peptide comprising 
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at least mo regions derived fronx said at least one protein antigen, each of 
which has human T eel stimulating activity and each of which does not bind 
inmimioglobulin specific for said at least one protein antigen in a substanUal 
percentage of a population of individuals sensitive to said at least one protem 
antigen, and determining the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual. 

A metiiod of treating sensitivity to fsUi domssto m an individual 
comprising administering simultaneously to the individual at least two 
different peptides selected from the group consisting of: peptide X: peptide 
Y; peptide Z; peptide A; peptide B and peptide C, each as shown in Fig. 4. m 
a tiierapeutically effective amount. 

95 A composition comprising at least two isolated peptides, said peptides 
selected from the group consisting of peptide X; peptide Y; peptide Z; peptide 
A; peptide B; and peptide C, each as shown in Fig. 4. 

96. A composition of daim 9 wherein said two isolated peptides comprise peptide 

X and peptide 

97 An isolated recombitope peptide of clmm 1. wherein the regions are selected 
from tiie group consisting of a peptide comprising aU or a portion of ammo 
add readues 84-106 of human MBP; a.peptide comprising all or a portion of 
amino add residues 84-102 of human MBP; a peptide comprising all or a 
portion of amino add readues 89-101 of human MEP; a peptide comprising 
an or a portion of amino add residues 140-172 of human MBP; and a peptide 
comprising an or aportion of amino add residues 143-168 of human MBP. 

98. AcomposifiottCGmprismgatleasttwoisolatedpeptide,said peptides selected 
from tiie g«)up consisting of a peptide comprising aU or a portion of ammo 
add residues 84-106 of human MBP; a peptide comprising aU or a portion of 
amino add residues 84-102 of human MBP; a peptide comprising aU or a 
portion of amino acid residues 89-101 of human MBP; a peptide comprising 
an or aportion of amino acid residues 140-172 of human MBP; and a peptide 
comprising aU oraportion of amino acid residues 143-168 of human MBP. 

99. A metiiod of treating multiple sclerosis in an individual comprising 
. administering to tiie individual at least two different peptides selected from 
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the group consisting of a peptide comprising all or a portion of amino add 
residues 84-102 of human MBP; a peptide comprising all or a portion of 
amino acid residues 89-101 of human MBP; a pepddc comprising all or a 
portion of amino acid residues 140-170 of human MBP; a peptide comprising 
all or a portion of amino acid residues 143-168 of human MBP; and a peptide 
comprising all or a portion of amino acid residues 145-163. 
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5' (Z) Y 5'-CCAGAGAGAIUUlGCACTACCTGTAGTA-3' 

Z Y 

YXZ CONSTRUCT 

K A L P V V 
5* YRI 5 • -GGGGAATTCAAAGCACTACCTGTAGTA-3 • 

ECOR I Y 

DKE'KRDVDL 
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Y I X 
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X 1 Z 
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ECOR I Z 
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Fig. 10 
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